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LETTERS  OF  TRANSMITTAL. 


Depabtment  of  the  Intebiob, 
Washington,  December  5,  1905, 
Sib  :  The  act  of  Congress  approved  June  17?  1902,  entitled  "An  act  appropri- 
ating the  receipts  from  the  sale  and  disposal  of  public  lands  in  certain  States 
and  Territories  to  the  construction  of  irrigation  works  for  the  reclamation  of 
arid  lands,"  provides  (section  2)  as  follows: 

That  the  Secretary  of  the  Interior  is  hereby  authorized  and  directed  to  make  examina- 
tions and  surreys  for,  and  to  locate  and  construct,  as  herein  proyided,  irrigation  works 
for  the  storage,  diversion,  and  development  of  waters,  including  artesian  wells,  and  to 
report  to  Congress  at  the  beginning  of  each  regular  session  as  to  the  results  of  such 
examinations  and  surreys,  giving  estimates  of  cost  of  all  contemplated  works,  the 
quantity  and  location  of  the  lands  which  can  be  irrigated  therefrom,  and  all  facts  relative 
to  the  practicability  of  eaeh  irrigation  project;  also  the  cost  of  works  in  process  of 
construction,  as  well  as  of  those  which  have  been  completed. 

In  compliance  with  the  requirements  of  the  statute,  I  have  the  honor  to  in- 
close herewith  copy  of  a  letter  from  the  Director  of  the  Geological  Survey, 
dated  the  29th  ultimo,  transmitting  the  report  contemplated  by  the  above- 
mentioned  section  of  the  act  of  June  17,  1902. 

Very  respectfully,  B.  A.  Hitghoock, 

Secretary. 
The  Speakeb  of  the  House  of  Repbesentatives. 


Depabtment  of  the  Intebiob, 

United  States  Geolooioal  StTBVET, 
Washififfton,  D,  C,  November  29, 1905, 

SiB :  I  have  the  honor  to  transmit  herewith  a  report  of  the  work  done  and  in 
progress  under  the  reclamation  act  approved  by  the  President  June  17,  1902, 
together  with  other  Information  essential  to  an  understanding  of  the  subject 

This  report  supplements  and  brings  up  to  date  the  information  given  in  the 
First  Annual  Report  of  the  Reclamation  Service,  issued  as  House  Document  No. 
79,  Fifty-seventh  Congress,  second  session ;  in  the  Second  Annual  Report  of  the 
Reclamation  Service,  issued  as  House  Document  No.  44,  Fifty-eighth  Congress, 
second  session,  and  the  Third  Annual  Report  of  the  Reclamation  Service,  issued 
as  House  Document  No.  28,  Fifty-eighth  Congress,  third  session.  The  latter 
report  was  first  issued  without  illustrations,  and  later,  owing  to  the  demand  for 
additional  copies,  a  second  edition  was  authorized  to  be  printed,  with  illustra- 
tiona  This  fourth  Annual  Report  is  submitted  with  illustrations,  consisting 
mainly  of  maps,  plans,  and  diagrams,  as  it  is  found  that  there  is  a  large  demand 
for  this  information  from  landowners,  investors,  and  public  men,  as  well  as  from 
engineers. 

The  necessity  of  making  a  report  to  Congress  at  the  beginning  of  each  regular 
session  results  in  a  somewhat  hasty  preparation  of  material  at  the  height  of 
the  field  season,  and  at  a  time  of  the  year  when  construction  should  be  pushed 
most  rapidly.  If  it  were  allowable  to  submit  the  report  some  months  later  it 
would  be  practicable  to  digest  and  arrange  important  data  such  as  can  be 
H,  Doc.  86, 6^1 2  17 
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obtained  only  to  advantage  during  the  winter  months  wlien  construction  work 
is  nearly  at  a  standstill.  Every  effort,  however,  has  been  made  to  bring  togetlier 
the  accompanying  material  in  as  good  form  as  possible,  and  to  give  the  latest 
figures  or  totals  from  the  record  books,  as  these  are  kept  up  day  by  day.  The 
work  carried  on  under  the  reclamation  act  is  widely  scattered,  and  hence  it  is 
impossible  to  follow  the  same  orderly  system  that  would  prevail  if  the  work 
were  concentrated  at  one  point,  as,  for  example,  in  the  water  supply  of  a  great 
city.  The  time  taken  in  communication  between  the  field  and  the  Washington 
office  is  frequently  so  great  that  by  the>time  estimates  arrive  and  are  checked 
over  a  new  condition  has  arisen  in  the  field.  Thus,  the  figures  given  for  any 
one  day  are  necessarily  subject  to  material  change  as  new  information  arrives. 

The  reclamation  act  has  been  in  effect  for  more  than  three  years.  During 
this  period  reconnaissance  examinations  and  surveys  have  been  carried  on  over 
a  vast  area  and  construction  work  has  been  begun  at  many  widely  scattered 
localities.  An  engineering  corps  has  been  organized  and  a  large  clerical  and 
accounting  force  has  been  trained  in  the  methods  peculiar  to  Government 
affairs.  A  system  of  bookkeeping  and  cost  keeping  has  been  established  and 
every  effort  made,  first,  to  expedite  the  work ;  second,  to  insure  economy ;  and 
third,  to  improve  the  system  of  accounting  and  cost  keeping.  It  has  not  been 
practicable  to  follow  what  might  be  termed  the  logical  order — that  is,  to  lay 
out  an  ideal  system  first  and  then  execute  the  work  in  accordance  with  this 
system ;  on  the  contrary,  the  demands  for  results  have  been  so  pressing  that 
it  has  been  necessary,  first,  to  show  results,  and  then,  on  the  basis  of  the 
experience  acquired,  to  organize  and  perfect  the  system. 

Nearly  all  of  the  irrigation  works  are  large  and  involve  not  merely  engi- 
neering difficulties  but  an  adjustment  of  intricate  vested  rights  in  lands  and 
waters.  The  ground  to  be  covered  is  rarely  open,  but  is  frequently  covered 
with  wrecks  of  various  enterprises,  these  having  little,  if  any,  value  beyond  that 
derived  from  the  opportunity  of  selling  the  wreckage  at  a  good  price  to  the 
Government.  The  work  therefore  requires  not  merely  engineering  skill  but 
almost  infinite  patience  and  perseverance  in  overcoming  obstacles  resulting  from 
the  claims  of  individuals  and  corporations  or  from  the  operation  of  inadequate 
water  laws.  Notwithstanding  these  obstacles  the  work  has  been  pushed  for- 
ward energetically,  and  the  results  already  obtained  justify  the  belief  that 
continued  progress  will  be  made  along  the  lines  indicated  in  this  report 
Very  respectfully, 

Chas.  D.  Walcott,  Director, 

The  honorable  Secret abt  of  the  Intebiob. 


Depabtment  of  the  Intebiob, 

United  States  Geological  Subvey, 

Reclamation  Sebvice, 
Washington,  Z).  C,  November  27.  1905. 
Sib:  In  accordance  with  the  provisions  of  section  2  of  the  reclamation  act, 
I  have  the  honor  to  transmit  herewith  the  manuscript  for  the  Fourth  Annual 
Report  of  the  Reclamation  Service.    This  Is  similar  in  form  to  the  first,  second, 
and  third  annual  reports  and  goes  a  little  more  Into  detail  as  regards  expendi- 
tures and  costs  of  the  work. 
Very  respectfully. 

F.  H.  Newell,  Chief  Engineer, 
Hon,  Chables  D.  Walcott, 
Director  of  the  United  States  Geological  Survey, 
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FOURTH  AI<nN"UAL  EEPORT 

OF  THE 

RECLAMATION    SERVICE. 


F.  H.  Newell,  Chief  Engineer. 


GENERAL  DISCUSSION. 

The  reclamation  act  (32  Stat.  L.,  388)  has  been  in  oi)eration  less  than  three 
years  and  a  half.  There  have  already  been  issued  three  annual  reports  of 
operations  carried  on  under  authority  of  that  act,  giving  in  detail  the  history 
of  the  work  and  the  results  accomplished.  This  report  contains  a  statement 
of  the  operations  during  the^gre^ter  part  of  the  calendar  year  1905. 

RECIiAMATION  liAW. 

For  convenience  of  reference  the  full  text  of  the  reclamation  act  is  here  in- 
serted. Much  of  the  discussion  concerning  the  operations  under  this  act,  and 
the  effect  of  it  on  the  future  development  of  the  West,  has  been  had  with  little 
reference  to  the  law  itself,  and  it  seems  advisable  frequently  to  call  attention 
to  the  letter  and  the  spirit  of  the  act  in  order  to  prevent  misconception  of  the 
objects  and  purposes  of  the  Reclamation  Service. 

AN  ACT  appropriating  the  receipts  from  the  sale  and  disposal  of  public  lands  in  certain 
States  and  Territories  to  the  construction  of  irrigation  works  for  the  reclamation  of 
arid  lands. 

Be  it  ctMcted  hy  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  in  Congress  assembled.  That  all  moneys  received  from  the  sale  and  disposal  of 
public  lands  in  Arizona,  California,  Colorado,  Idaho,  Kansas,  Montana,  Nebraska,  Nevada, 
New  Mexico,  North  Dakota,  Oklahoma,  Oregon,  South  Dakota,  Utah,  Washington,  and 
Wyoming,  beginning  with  the  fiscal  year  ending  June  thirtieth,  nineteen  hundred  and  one, 
including  the  surplus  of  fees  and  commissions  in  excess  of  allowances  to  registers  and 
recelTcrs,  and  excepting  the  five  per  centum  of  the  proceeds  of  the  sales  of  public  lands  In 
the  above  States  set  aside  by  law  for  educational  and  other  purposes  shall  be,  and  the 
same  are  hereby,  reserved,  set  aside,  and  appropriated  as  a  special  fund  In  the  Treasury 
to  be  known  as  the  **  reclamation  fund,"  to  be  used  in  the  examination  and  survey  for  the 
construction  and  maintenance  of  Irrigation  works  for  the  storage,  diversion,  and  develop- 
ment of  waters  for  the  reclamation  of  arid  and  semlarid  lands  in  the  said  States  and 
Territories,  and  for  the  payment  of  all  other  expenditures  provided  for  in  this  act : 
Provided,  That  in  case  the  receipts  from  the  sale  and  disposal  of  public  lands  other  than 
those  realized  from  the  sale  and  disposal  of  lands  referred  to  In  this  section  are  Insuffi-' 
dent  to  meet  the  requirements  for  the  support  of  agricultural  colleges  in  the  several 
States  and  Territories,  under  the  act  of  August  thirtieth,  eighteen  hundred  and  ninety, 
entitled  '*An  act  to  apply  a  portion  of  the  proceeds  of  the  public  lands  to  the  more  com- 
plete endowment  and  support  of  the  colleges  for  the  benefit  of  agricultural  and  mechanical 
arts,   established  under  the  provisions  of  an   act  of  Congress  approved  July  second, 
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eighteen  hundred  and  sixty-two,'*  the  deficiency.  If  any,  in  the  sum  necessary  for  the 
support  of  the  said  colleges  shall  be  provided  for  from  any  moneys  in  the  Treasury  not 
otherwise  appropriated. 

Sbc.  2.  That  the  Secretary  of  the  Interior  is  hereby  authorised  and  directed  to  make 
examinations  and  surveys  for,  and  to  locate  and  construct,  as  herein  provided,  Irrigation 
works  for  the  storage,  diversion^  and  development  of  waters,  Including  artesian  wells, 
and  to  report  to  Congress  at  the  beginning  of  each  regular  session  as  to  the  results  of 
such  examinations  and  surveys,  giving  estimates  of  cost  of  all  contemplated  works,  the 
quantity  and  location  of  the  lands  which  can  be  irrigated  therefrom,  and  all  facts  relative 
to  the  practicability  of  each  irrigation  project ;  also  the  cost  of  works  in  process  of  con- 
struction as  well  as  those  which  have  been  completed. 

Sbc.  3.  That  the  Secretary  of  the  Interior  shall,  before  giving  the  public  notice  pro- 
vided for  in  section  four  of  this  act,  withdraw  from  public  entry  the  lands  required  for 
any  irrigation  works  contemplated  under  the  provisions  of  this  act,  and  shall  restore  to 
public  entry  any  of  the  lands  so  withdrawn  when,  in  his  Judgment,  such  lands  are  not 
required  for  the  purposes  of  this  act ;  and  the  Secretary  of  the  Interior  is  hereby  author- 
ized, at  or  Immediately  prior  to  the  time  of  beginning  the  surveys  for  any  contemplated 
irrigation  works,  to  withdraw  from  entry,  except  under  the  homestead  laws,  any  public 
lands  believed  to  be  susceptible  of  irrigation  from  said  works:  Provided,  That  all  lands 
entered  and  entries  made  under  the  homestead  laws  within  areas  so  withdrawn  during 
such  withdrawal  shall  be  subject  to  all  the  provisions,  limitations,  charges,  terms,  and 
conditions  of  this  act ;  that  said  surveys  shall  be  prosecuted  diligently  to  completion, 
and  upon  the  completion  thereof,  and  of  the  necessary  maps,  plans,  and  estimates  of 
cost,  the  Secretary  of  the  Interior  shall  determine  whether  or  not  said  project  is  practi- 
cable and  advisable,  and  if  determined  to  be  Impracticable  or  unadvisable  he  shall  there- 
upon restore  said  lands  to  entry;  that  public  lands  which  It  Is  proposed  to  Irrigate  by 
means  of  any  contemplated  works  shall  be  subject  to  entry  only  under  the  provisions  of 
the  homestead  laws  In  tracts  not  less  than  forty  nor  more  than  one  hundred  and  sixty 
acres,  and  shall  be  subject  to  the  limitations,  charges,  terms,  and  conditions  herein  pro- 
vided :  Provided,  That  the  commutation  provisions  of  the  homestead  laws  shall  not  apply 
to  entries  made  under  this  act. 

Sbc.  4.  That  upon  the  determination  by  the  Secretary  of  the  Interior  that  any  Irriga- 
tion project  Is  practicable,  he  may  cause  to  be  let  contracts  for  the  construction  of  the 
same,  in  such  portions  or  sections  as  it  may  be  practicable  to  construct  and  complete  as 
parts  of  the  whole  project,  providing  the  necessary  funds  for  such  portions  or  sections 
are  available  in  the  reclamation  fund,  and  thereupon  he  shall  give  public  notice  of  the 
lands  irrigable  under  such  project,  and  limit  of  area  per  entry,  which  limit  shall  repre- 
sent the  acreage  which,  in  the  opinion  of  the  Secretary,  may  be  reasonably  required  for 
the  support  of  a  family  upon  the  lands  In  question ;  also  of  the  charges  which  shall  be 
made  per  acre  upon  the  said  entries,  and  upon  lands  in  private  ownership  which  may  be 
Irrigated  by  the  waters  of  the  said  Irrigation  project,  and  the  number  of  annual  install- 
ments, not  exceeding  ten,  in  which  such  charges  shall  be  paid  and  the  time  when  such 
payments  shall  commence.  The  said  charges  shall  be  determined  with  a  view  of  return- 
ing to  the  reclamation  fund  the  estimated  cost  of  construction  of  the  project,  and  shall 
be  apportioned  equitably :  Provided,  That  in  all  construction  work  eight  hours  shall  con- 
stitute n  day*s  work,  and  no  Mongolian  labor  shall  be  employed  thereon. 

Sec.  5.  That  the  entryman  upon  lands  to  be  Irrigated  by  such  works  shall.  In  addition 
to  compliance  with  the  homestead  laws,  reclaim  at  least  one-half  of  the  total  irrigable 
area  of  his  entry  for  agricultural  purposes,  and  before  receiving  patent  for  the  lands 
covered  by  his  entry  shall  pay  to  the  Government  the  charges  apportioned  against  such 
tract,  as  provided  in  section  four.  No  right  to  the  use  of  water  for  land  in  private 
ownership  shall  be  sold  for  a  tract  exceeding  one  hundred  and  sixty  acres  to  any  one 
landowner,  and  no  such  sale  shall  be  made  to  any  landowner  unless  he  be  an  actual 
bona  fide  resident  on  such  land,  or  occupant  thereof  residing  in  the  neighborhood  of  said 
land,  and  no  such  right  shall  permanently  attach  until  all  payments  therefor  are  made. 
The  annual  installments  shall  be  paid  to  the  receiver  of  the  local  land  oflSce  of  the  dis- 
trict in  which  the  land  Is  situated,  and  a  failure  to  make  any  two  payments  when  due 
shall  render  the  entry  subject  to  cancellation,  with  the  forfeiture  of  all  rights  under  this 
act,  as  well  as  of  any  moneys  already  paid  thereon.  All  moneys  received  from  the  above 
sources  shall  be  paid  Into  the  reclamation  fund.  Registers  apd  receivers  shall  be  allowed 
the  usual  commissions  on  ali  moneys  paid  for  lands  entered  under  this  act 
\  Sec.  6.  That  the  Secretary  of  the  Interior  is  hereby  authorized  and  directed  to  use  the 
reclamation  fund  for  the  operation  and  maintenance  of  all  reservoirs  and  irrigation 
works  constructed  under  the  provisions  of  this  act:  Provided,  That  when  the  payments 
required  by  this  act  are  made  for  the  major  portion  of  the  lands  Irrigated  from  the  waters 
of  any  of  the  works  herein  provided  for,  then  the  management  and  operation  of  such  irri- 
gation works  shall  pass  to  the  owners  of  the  lands  irrigated  thereby,  to  be  maintained  at 
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their  expense  tinder  such  form  of  organization  and  under  such  rules  and  regulations  as 
may  be  acceptable  to  the  Secretary  of  the  Interior:  Provided,  That  the  title  to  and  the 
management  and  operation  of  the  reservoirs  and  the  works  necessary  for  their  protection 
and  operation  shall  remain  In  the  Government  until  otherwise  provided  by  Congress. 

Sec.  7.  That  where  In  carrying  out  the  provisions  of  this  act  It  becomes  necessary  to 
acquire  any  rights  or  property,  the  Secretary  of  the  Interior  Is  hereby  authorized  to 
acquire  the  same  for  the  United  States  by  purchase  or  by  condemnation  under  judicial 
process,  and  to  pay  from  the  reclamation  fund  the  sums  which  may  be  needed  for  that 
purpose,  and  It  shall  be  the  duty  of  the  Attorney-General  of  the  United  States  upon  every 
application  of  the  Secretary  of  the  Interior  under  this  act  to  cause  proceedings  to  be 
commenced  for  condemnation  within  thirty  days  from  the  receipt  of  the  application  at  the 
Department  of  Justice. 

Skc.  8.  That  nothing  In  this  act  shall  be  construed  as  affecting  or  Intended  to  afTect  or 
to  In  any  way  Interfere  with  the  laws  of  any  State  or  Territory  relating  to  the  control, 
appropriation,  use,  or  distribution  of  water  used  In  Irrigation,  or  any  vested  right  acquired 
thereunder,  and  the  Secretary  of  the  Interior,  In  carrying  out  the  provisions  of  this  act, 
shall  proceed  In  conformity  with  such  laws,  and  nothing  herein  shall  In  any  way  affect  any 
right  of  any  State  or  of  the  Federal  Government  or  of  any  landowner,  approprlator,  or 
user  of  water  In,  to,  or  from  any  Interstate  stream  or  the  waters  thereof :  Provided,  That 
the  right  to  the  use  of  water  acquired  under  the  provisions  of  this  act  shall  be  appurte- 
nant to  the  land  Irrigated,  and  beneficial  use  shall  be  the  basis,  the  measure,  and  the 
limit  of  the  right. 

Sec.  0.  That  It  is  hereby  declared  to  be  the  duty  of  the  Secretary  of  the  Interior  in 
carrying  out  the  provisions  of  this  act,  so  far  as  the  same  may  be  practicable  and  subject 
to  the  existence  of  feasible  Irrigation  projects,  to  expend  the  major  portion  of  the  funds 
arising  from  the  sale  of  public  lands  within  each  State  and  Territory  hereinbefore  named 
for  the  benefit  of  arid  and  semlarld  lands  within  the  limits  of  such  State  or  Territory:  ' 
Provided,  That  the  Secretary  may  temporarily  use  such  portion  of  said  funds  for  the  ben- 
efit of  arid  or  semlarld  lands  In  any  particular  State  or  Territory  hereinbefore  named  as 
he  may  deem  advisable,  but  when  so  used  the  excess  shall  be  restored  to  the  fund  as  soon 
as  practicable,  to  the  end  that  ultimately,  and  In  any  event,  within  each  ten-year  period 
after  the  passage  of  this  act,  the  expenditures  f^r  the  benefit  of  the  said  States  and  Terri- 
tories shall  be  equalized  according  to  the  proportions  and  subject  to  the  conditions  as  to 
practicability  and  feasibility  aforesaid. 

Sue.  10.  That  the  Secretary  of  the  Interior  is  hereby  authorized  to  perform  any  and  all 
acts  and  to  make  such  rules  and  regulations  as  may  be  necessary  and  proper  for  the  pur- 
pose of  carrying  the  provisions  of  this  act  into  full  force  and  effect 

Approved,  June  17,  1902. 

DETAILS  OP  THE  LAW. 

The  law  has  been  in  operation  less  than  three  and  one-half  years,  bnt  during 
that  time  a  great  many  questions  have  arisen  concerning  details  which  could  not 
have  been  anticipated  In  the  law  itself.  Most  of  these  have  been  satisfactorily 
settled,  and  good  precedents  have  been  established  on  points  where  discretion 
has  been  left  to  executive  officers. 

FUNDS  FOB  RECLA.MATION. 

The  fund  set  aside  by  the  act,  as  shown  by  section  1,  is  derived  from  the  sale 
and  disposal  of  public  lands  in  thirteen  States  and  three  Territories. 

EXAMINATIONS  AND  SUBVEY8. 

Section  2  of  the  act  directs  the  Secretary  of  the  Interior  to  make  examinations 
and  surveys  and  to  construct  irrigation  works.  In  order  to  carry  out  these 
operations  there  has  been  gradually  created  what  is  known  as  the  "  Reclamation 
Service,"  for  which  competent  men  have  been  selected  through  civil-service 
examination.  The  organization  of  this  corps  of  engineers  has  been  a  matter  of 
evolution,  necessitated  by  the  circumstances,  attempt  being  made  to  secure  the 
largest  efficiency  irrespective  of  other  considerations. 

Section  2  also  directs  that  a  report  be  made  giving  the  results  of  examina- 
tions and  surveys,  estimates  of  cost,  and  all  other  facts  relative  to  the  practica- 
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blllty  of  each  irrigation  project  These  matters  of  cost  and  of  practicability  are 
fundamental,  and  great  care  is  talien  to  check  the  preliminary  estimates  against 
the  facts  obtained  by  actual  experience  as  the  work  progresses. 

WITHDRAWAL  OF  LANDS. 

Section  3  provides  for  making  temporary  or  permanent  withdrawals  of  lands 
for  survey  or  for  the  construction  of  works.  In  each  area  under  examination 
bodies  of  land  have  been  withdrawn  for  one  or  the  other  purpose.  Two  forms 
of  withdrawal  are  si)ecified ;  the  first  absolute,  the  second  subject  to  limitations. 
Under  the  first  form  of  withdrawal  the  lands  indicated  are  withheld  by  the  Gov- 
ernment from  all  forms  of  entry  and  settlement  In  this  manner  areas  needed 
for  various  kinds  of  structures  or  works  are  set  aside  and  can  not  be  filed  upon 
nor  can  title  to  them  be  acquired  under  any  of  the  land  laws. 

Under  the  second  form  of  withdrawal  the  lands  are  subject  to  entry  under 
the  homestead  laws  without  commutation  provisions.  Considerable  tracts  con- 
taining irrigable  lands  are  thus  set  aside,  and  these  may  be  entered  by  settlers 
who  have  not  used  their  homestead  rights.  In  making  entries,  however,  the 
homesteader  becomes  subject  to  various  limitations  and  charges,  and  the  size  of 
his  entry  may  be  cut  down  from  ICO  to  40  acres. .  This  condition  is  giving  rise 
to  more  or  less  confusion  from  the  fact  that  under  existing  law  and  the  deci- 
sions of  the  Department  the  public  lands  which  may  be  irrigated  are  first  taken 
up  in  tracts  of  100  acres,  and  later,  when  these  are  cut  down  to  80  acres,  or 
even  40  acres,  there  is  uncertainty,  or  controversy  regarding  the  portion  of  the 
160  acres  which  shall  be  allotted  to  the  en  try  man.  Many  of  these  controversies 
could  be  avoided  if  it  were  possible  to  amend  the  law  so  as  to  limit  the  entry  to 
40  or  80  acres  at  the  time  when  it  was  known  that  such  limitation  should  be 
put  upon  the  land.  As  the  matter  now  stands,  this  announcement  can  not  be 
proi)erIy  made  until  the  contracts  for  the  construction  of  work  have  Ijeen  let 

As  a  rule  all  of  the  irrigable  public  land  which  is  being  surveyed  under  each 
project  is  entered  at  once  in  KJO-acre  tracts.  It  is  generally  known  in  advance 
that  the  farm  unit  will  be  reduced,  but  the  entrymen  prefer  to  enter  all  of  the 
land  possible  and  take  the  chances  that  the  necessary  relinquishment  may  be  in 
some  manner  profitable  to  themselves. 

CONSTRUCTION  AND  CHARGES. 

Section  4  provides  for  the  letting  of  contracts  for  construction  work,  and 
authorizes  the  Secretary  of  the  Interior  to  give  public  notice  of  the  lands  irri- 
gable and  the  limit  of  area  i)er  entry.  This  limit  is  intended  to  represent  the 
acreage  which,  in  the  opinion  of  the  Secretary,  may  be  reasonably  required  for 
the  support  of  a  family  upon  the  lands.  It  has  been  decided  that  this  limit  shall 
be  in  multiples  of  40,  excepting  In  the  case  of  irregular  lots  shown  in  the  public- 
land  surveys.  The  Secretary,  in  short,  must,  after  considering  the  character 
of  the  land,  designate  certain  farm  units,  tiiese  l>eing  40  acres,  80  acres,  120 
acres,  or  160  acres  in  extent  The  separation  of  any  particular  tract  of  land 
into  farm  units  requires  a  full  knowledge  of  the  soli,  its  capacity  to  produce 
crops,  and  its  liability  to  injury  by  becoming  swampy  or  alkaline.  As  Is  well 
known,  much  of  the  laud  under  an  irrigation  system  tends  to  deteriorate  in 
character  and  become  Incapable  of  supporting  a  family  unless  great  care  is  used 
in  providing  drainage  or  in  applying  water  to  the  lands  in  the  vicinity. 

One  of  the  most  important  provisions  of  the  law  is  contained  In  this  section, 
namely,  that  requiring  that  each  project  undertaken  shall  repay  the  estimated 
cost  of  its  construction.  This  is  an  effe<»tivp  safeguard  against  undertaking 
visionary  or  unprofitable  projects,  and  puts  the  operations  under  the  law  on  a 
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sound  basis.  The  fact  that  each  project  must  return  its  cost  cuts  out  of  con- 
sideration at  once  a  large  number  of  the  dubious  or  chimerical  schemes  that 
are  continually  being  exploited,  and  removes  the  temptation  to  try  expensive 
experiments. 

Section  5  defines  how  payment  shall  be  made,  and  introduces  the  matter  of 
reclamation  of  lands  in  private  ownership.  At  the  time  the  law  was  imder 
consideration  it  was  supposed  that  it  would  be  applicable  mainly  to  public 
lands,  but  results  of  surveys  and  examinations  of  definite  projects  are  begin- 
ning to  show  that  the  amount  of  public  land  that  may  be  reclaimed  is  not  so 
large  as  was  expected,  and  that  the  lands  in  private  ownership  are  frequently 
more  important  or  more  valuable  than  the  public  lands.  The  great  and  indis- 
pensable safeguard  in  this  connection  is  the  restriction  of  ownership  of  these 
lands  to  IGO  acres.  By  carefully  guarding  this  provision  and  insisting  upon 
compliance  with  the  letter  and  spirit  of  the  law  it  will  be  possible  to  bring 
about  the  subdivision  of  private  lands  into  relatively  small  holdings  and  to  estab- 
lish and  maintain  intensive  cultivation  of  the  soil. 

OPEBATION  AND   MAII7TENANCE  OF  WORKS. 

Section  6  gives  authority  for  operating  and  maintaining  the  works,  and  pro- 
vides for  passing  the  management  to  the  owners  of  the  land  when  the  major 
portion  of  the  payments  have  been  made.  In  short,  after  the  works  are  in 
successful  operation  and  have  been  partly  paid  for,  the  management  passes  into 
the  hands  of  the  water  users.  It  has  been  found  essential  to  consider  very  care- 
fully the  organization  of  the  water  users,  particularly  where  a  large  part  of 
the  lands  are  already  in  private  ownership,  and  a  more  complete  discussion  of 
the  many  problems  encountered  will  be  found  on  later  pages. 

CONDEMNATION    PBOCEEDINGS. 

Section  7  gives  the  Secretary  of  the  Interior  authority  to  purchase  necessary 
property  or  to  obtain  it  by  condemnation  proceedings.  Every  reasonable  effort 
is  being  made  to  avoid  condemnation  proceedings  and  to  acquire  needed  prop- 
erties by  agreement 

STATE  LAWS. 

Section  8  bears  upon  State  laws  and  vested  rights.  It  brings  about  the  need 
of  a  more  or  less  complete  study  of  existing  systems  of  water  appropriation 
and  necessitates  taking  up  with  State  officials  and  legislators  many  details  of 
State  laws  or  proposed  amendments.  It  is  very  important  to  secure  as  nearly 
a  uniform  system  of  laws  in  the  various  States  as  may  be  consistent  with  the 
different  pliysical  conditions,  and  it  is  believed  that  as  time  goes  on  the  State 
laws  will  be  brought  into  greater  harmony  with  one  another  and  with  the 
necessities  of  irrigation  development 

DISTRIBUTION  OF  EXPENDITURE. 

Section  9  provides  that  the  funds  derived  from  the  sale  of  public  lands  in 
each  State  and  Territory  shall  be  divided  into  two  portions — a  major  and  minor 
portion — and  that  the  major  portion  shall  be  expended  within  such  State  or 
Territorj\  For  convenience  it  has  been  assumed  that  the  major  portion  is  51  per 
cent  of  the  fund.  This  may  be  termed  the  restricted  portion,  since  its  expendi- 
ture is  restricted  to  the  State  in  which  it  is  paid. 
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BULES   AND  BEOULATIONS. 

Section  10  gives  general  authority  to  ttie  Secretary  to  perform  necessary 
acts  and  make  essential  regulations,  tlie  regulations  being  promulgated  from 
time  to  time  as  occasion  requires,  in  order  that  they  may  be  adapted  to  condi- 
tions found  in  actual  practice.  The  law  leaves  executive  discretion  a  wide 
range,  and  it  has  not  been  considered  desirable  to  attempt  to  anticipate  the  con- 
ditions which  might  arise,  but  rather  to  meet  them  as  they  come  and  to  promul- 
gate rules  and  regulations  on  the  basis  of  experience. 

DECISIONS    OF    THE    SECBETARY    OF    THE   rNTEBIOB. 

The  following  is  a  brief  statement  of  decisions  of  general  interest  relating  to 
the  reclamation  act  which  have  been  made  by  the  Secretary  of  the  Interior : 

WITHDRAWAL    OF    LANDS. 

February  11,  190S. — ^Two  different  forms  of  withdrawal  are  authorized  by 
section  3  of  the  reclamation  act  The  first  form  provides  for  withdrawal  from 
public  entry  of  lands  required  for  irrigation  worlds,  under  which  no  entries  of 
any  kind  can  be  allowed.  The  second  form  of  withdrawal  leaves  the  land  open 
to  homestead  entry  under  the  provisions,  limitations,  charges,  terms,  and  con- 
ditions of  the  act,  and  is  intended  to  apply  to  lands  irrigable  from  the  works 
constructed.     (32  L.  D.,  6.) 

September  5, 1909. — ^There  is  no  authority  to  make  such  executive  withdrawal 
of  public  lands  in  a  State  as  will  reserve  the  waters  of  a  stream  flowing  over 
the  same  from  appropriation  under  the  laws  of  the  State,  or  will  in  any  manner 
Interfere  with  its  laws  relating  to  the  control,  appropriation,  use,  or  distribu- 
tion of  water.     (32  L.  D.,  254.) 

January  13,  1904* — Withdrawals  under  the  reclamation  act  operate  to  with- 
draw from  other  disposition  all  lands  within  the  designated  limits  to  which  a 
right  has  not  vested.     (32  L.  D.,  387.) 

June  28,  1904, — Withdrawal  under  the  second  form  precludes  any  other  form 
or  mode  of  entry  or  appropriation  of  the  fand  than  homestead.  Land  so  with- 
drawn can  not  be  taken  up  in  lieu  of  land  relinquished  to  the  United  States 
in  the  forest  reserve.     (33  L.  D.,  360.) 

July  12,  1904. — ^The  first  form  of  withdrawal,  under  which  no  entries  of  any 
kind  can  be  allowed,  may  be  used  in  all  preliminary  withdrawals.  (33  L.  D., 
104.) 

February  18,  1905. — No  authority  is  granted  by  the  reclamation  act  for  the 
withdrawal  of  lands  for  reservoir  sites  for  storing  water  to  l>e  used  for  domestic 
purposes.     (33  L.  D.,  415.) 

April  20,  1905. — Upon  the  cancellation  of  a  homestead  entry  a  subsequent 
withdrawal  becomes  effective  as  to  the  lands  covered  thereby  without  further 
order.     (33  L.  D.,  520.) 

October  12,  1905. — ^The  Secretary  of  the  Interior,  after  full  consideration  of 
previous  rulings,  issued  the  following  instructions  as  to  the  procedure  to  be 
followed  thereafter  in  making  withdrawals  under  the  reclamation  act: 

1.  When  a  site  has  been  selected  with  a  view  to  making  an  examination  and  survey 
for  the  purpose  of  determining  whether  the  construction  of  an  irrigation  project  upon 
such  a  site  is  practicable  and  advisable,  a  withdrawal  will  immediately  be  made  of  all 
lands  believed  to  be  susceptible  of  Irrigation  from  such  contemplated  works  in  accord- 
ance with  the  second  form  of  withdrawal  provided  for  by  the  third  section  of  the  act 
of  June  17,  1902.  At  the  same  time  a  preliminary  withdrawal  will  be  made  of  lands 
that  may  be  needed  for  use  in  the  construction  and  operation  of  the  works  which  will 
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reserye  such  lands  from  entry  of  every  character,  but  will  not  affect  entries  preylonsly 
made. 

2.  As  soon  as  It  shall  be  determined  that  the  project  Is  practicable  and  advisable  and 
the  construction  of  the  same  Is  approved  and  authorized  by  the  Secretary  of  the  Interior, 
a  withdrawal  will  be  made  of  all  public  lands  shown  by  the  examination  and  survey  to 
be  required  for  use  In  the  construction  and  operation  of  the  works,  and  all  persons  who 
may  have  made  entry  of  such  lands  within  such  withdrawal  prior  to  the  preliminary 
withdrawal  and  who  have  not  acquired  a  vested  right  thereto  will  be  notified  of  the 
appropriation  of  their  lands  for  Irrigation  purposes  and  that  their  entry  will  be  can- 
celed and  their  Improvements  paid  for  by  the  Government,  as  provided  for  by  the 
eighth  and  ninth  sections  of  the  circular  of  June  6,  1905  (33  L.  D.,  607),  unless  sufficient 
cause  Is  shown  within  sixty  days  from  the  date  of  such  notice. 

RESTORATION  OF  LANDS. 

September  H,  1904, — ^^  an  opinion  by  the  Assistant  Attorney-General,  ap- 
proved by  the  Acting  Secretary  of  the  Interior,  it  is  held  that  when  an  order  of 
withdrawal  is  revoked  the  time  for  making  entries  may  be  fixed  at  some  date 
in  the  future,  leaving  the  lands  subject  to  settlement  from  the  date  of  the  order 
of  the  revocation.  This  permits  a  right  to  attach  to  such  lands,  as  the  result  of 
settlement  in  advance  of  the  possible  filing  of  an  entry  for  the  same  land  by 
one  who  has  not  settled  thereon.     (33  L.  D.,  206.^) 

ENTRIES  AND  SELECTIONS. 

November  17,  1902. — There  is  no  authority  for  specifying  any  limitation  In 
the  area  of  homestead  entries,  under  the  reclamation  act,  in  advance  of  a  defi- 
nite determination  to  enter  upon  the  necessary  construction  .for  the  project  In 
question,  and  the  issuance  of  a  public  notice  provided  for  in  section  4.  This 
matter  was  further  considered  and  a  similar  decision  reached  by  the  Secretary 
on  February  11,  1903. 

July  6,  1903. — Whenever  final  proof  is  offered  on  any  desert-land  entry  for 
lands  within  the  limits  of  the  withdrawals  for  the  Reclamation  Service,  an 
inspection  will  be  made  by  the  engineers  of  the  Reclamation  Service  to 
determine  whether  the  entryman  has  complied  with  the  desert-land  laws  and 
regulations. 

August  21,  1903. — ^The  Reclamation  Service  is  authorized  to  classify  and  com- 
bine the  different  subdivisions  within  lands  withdrawn  for  4rrigation  under  the 
reclamation  act  so  as  to  make  practically  homestead  segregations  of  the  entire 
territory  under  one  project,  specifying  the  particular  legal  subdivisions  that 
shall  constitute  each  entry  as  to  all  public  land  included  in  the  withdrawal. 
(32  L.  D.,  327). 

January  13,  1904* — A  withdrawal  under  the  reclamation  act  becomes  opera- 
tive upon  the  lands  covered  by  timber  and  stone  applications  when  no  payment 
has  been  made,  and  terminates  the  contingent  right  of  the  applicant 

In  cases  where  valid  locations  of  mining  claims  were  made  prior  to  the  date 
of  withdrawal,  and  the  mining  laws  duly  complied  with  in  good  faith  by  the 
locators  or  their  grantees,  the  possessory  rights  so  obtained  by  such  locations 
and  duly  maintained  will  be  respected  by  the  Government  The  requisites  of  a 
Talld  location  are  (1)  discovery,  (2)  the  marking  of  the  location  on  the  ground 
so  that  Its  boundaries  may  be  readily  traced,  and  (3)  compliance  with  local 
regulations.     (32  L.  D..  387.) 

January  H,  1904. — By  a  successful  contest  against  a  desert-land  entry  the 
contestant  does  not  acquire  such  a  preference  right  of  entry  as  will,  prior  to  its 
exercise,  except  the  land  from  the  operation  of  a  withdrawal  for  irrigation  pur- 
poses made  under  the  provisions  of  the  act  of  June  17,  1902.     (32  L.  D.,  396.) 
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February  17,  lOOJi.—ln  a  decision  of  tljis  date  (32  L.  D.,  450)  certain  rules 
are  laid  down  with  regard  to  the  acceptance  of  final  proof  in  desert-land  entries 
made  within  the  areas  withdrawn  under  the  reclamation  act,  and  by  circular 
letter  of  February  23,  1904,  an  extract  of  this  decision  was  communicated  to  the 
engineers  in  charge  of  projects  for  their  guidance  in  reporting  upon  such  entries. 
The  extract  reads  as  follows : 

I^roof  which  shows  that  because  of  irrigation  there  is  on  the  land  "  a  marked  increase 
in  the  growth  of  grass  "  or  that  "  grass  sufficient  to  support  stoclc  has  been  produced  on 
all  the  land  "  will  not  be  accepted  as  showing  a  compliance  with  that  provision  of  the 
amendatory  act  of  1891  (26  Stat.,  1905),  "  that  proof  be  further  required  of  the  cultiva- 
tion of  one-eighth  of  the  land.*'  Actual  tillage  must,  as  a  rule,  be  shown.  If,  however. 
It  be  shown — and  it  must  be  made  conclusively  so  to  appear — that  because  of  climatic 
conditions  crops  other  than  grass  can  not  be  successfully  produced,  or  that  actual  tillage 
of  the  soil  will  destroy  or  injure  Its  productive  qualities,  the  actual  production  of  a  crop 
of  hay  of  merchantable  value,  as  a  result  of  actual  Irrigation,  may  be  accepted  as  sufficient 
compliance  with  the  requirement  as  to  cultivation. 

That  the  entryman  has  an  absolute  right  to  sufficient  water  to  successfully  irrigate  the 
land,  that  the  system  of  ditches  to  conduct  the  water  to  and  distribute  it  over  the  land 
Is  adequate  for  those  purposes,  and  that  the  land  has  been  actually  Irrigated  for  a  suffi- 
cient period  of  time  to  demonstrate  the  sufficiency  of  the  water  supply,  and  the  effective- 
ness of  the  system,  are  essential  facts  which  must  In  all  cases  be  clearly  established  by 
the  proofs.  • 

March  30,  lOOJjf. — Lands  withdrawn  from  entry  under  the  second  form  of  with- 
drawal (page  24)  are  not  subject  to  desert-entry,  even  when  the  applicant 
has  commenced  a  system  of  irrigation.     (32  L.  D.,  536.) 

April  IJfy  1904' — Lands  withdrawn  from  "  settlement,  entry,  or  other  form  of 
disposal  under  the  public-land  laws,  except  the  homestead  laws,"  In  accordance 
with  the  provisions  of  the  act  of  June  17,  1002,  are  not,  during  the  continuance 
of  such  withdrawal,  subject  to  disposal  under  the  coal-land  laws,  where  no 
rights  thereto  were  initiated  under  such  laws  prior  to  the  order  of  withdrawal. 
(32L.  D.,  5G0.) 

May  17,  190^. — Persons  making  homestead  entry  of  lands  within  the  Irrigable 
area  of  any  project  commenced  or  contemplated  under  the  provisions  of  the  act 
of  June  17,  1902,  will  be  required  to  comply  fully  with  the  reiiuirements  of  the 
homestead  law  as  to  residence,  cultivation,  and  improvement,  and  failure  to 
supply  water  from. such  works  in  time  for  use  ui>on  the  land  entered  will  not 
justify  a  failure  to  comply  with  the  law  and  to  make  proof  thereof  within  the 
time  requfred  by  the  statute.     (32  L.  D.,  (533.) 

Septemhei'  20,  1904- — There  Is  no  authority  for  granting  a  leave  of  absence  to 
a  homesteader  who  made  entry  under  the  provisions  of  the  act  of  June  17,  1902, 
on  the  ground  that  he  can  raise  no  crops  on  the  land  prior  to  the  completion  of 
the  project  proposed  to  be  constructed  under  said  act     (32  L.  D.,  257.) 

Dccemher  9,  1904. — A  selection  In  lieu  of  lands  in  a  forest  reserve  filed  under 
the  act  of  January  4,  1897,  without  requisite  proofs  at  date  of  withdrawal  under 
the  reclamation  act  will  not  except  the  land  from  the  effect  of  such  with- 
drawal.    (33  L.  D.,  350.) 

April  20,  1905. — Lands  withdrawn  under  the  second  form  are  not  subject  to 
soldiers'  additional  entry  under  sec.  2306,  R.  S.     (3  L.  D.,  525.) 

June  28,  1905. — Lands  withdrawn  from  entry,  except  under  the  homestead 
laws,  are  not  subject  to  selection  under  the  exchange  provision  of  the  act  of 
June  4,  1897,  In  lieu  of  lands  relinquished  to  the  United  States  In  forest  re- 
serves.    (33L.  D.,  360.) 

WATER   RIGHTS. 

March  20,  1903.— The  Director  of  the  Geological  Survey  Is  authorissed  to 
designate  suitable  persons  to  file  notices  of  water  appropriation  for  the  projects 
of  the  Reclamation  Service,  In  the  name  of  and  on  behalf  of  the  Secretary  of  the 
Interior,  in  pursuance  of  the  provisions  of  section  8  of  the  reclamation  act 
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September  5,  1903. — ^There  Is  no  authority  to  make  such  Executive  withdrawal 
of  public  lands  in  a  State  as  will  reserve  the  waters  of  a  stream  flowing  over 
the  same  from  appropriation  under  the  laws  of  the  State  or  will  in  any  manner 
interfere  with  its  laws  relating  to  the  control,  appropriation,  use,  or  distribution 
of  the  water.     (32  L.  D.,  254.) 

RIGHTS  OF  WAY. 

May  6,  1904, — No  rights  are  acquired  by  an  application  for  a  right  of  way 
under  the  act  of  February  15,  1901,  prior  to  the  approval  thereof  by  the  Secre- 
tary of  the  Interior.     (32  L.  D.,  697.) 

No  such  right  Is  acquired  by  virtue  of  an  application  for  right  of  way  for  a 
railroad  under  the  act  of  March  3,  1875,  before  the  approval  thereof  and  prior 
to  the  construction  of  the  road,  as  will  prevent  the  Secretary  from  withdrawing 
the  lands  covered  thereby  for  use  as  a  reservoir  site  under  the  provisions  of  the 
act  of  June  17, 1902. 

June  4,  1903, — ^The  act  of  August  30,  1890,  with  regard  to  reservations  for 
rights  of  way,  does  not  apply  to  (1)  land  taken  under  the  indemnity  clause  of 
railroad  land  grants  which  has  actually  been  selected;  nor  (2)  to  various  school 
land  grants  to  States  or  Territories;  nor  (3)  to  Indemnity  school  selections; 
nor  (4)  to  educational  and  other  grants  to  States  and  Territories,  where  selec- 
tions have  been  made;  nor  (5)  to  special  grants  by  acts  of  Congress.  (32  L. 
D.,  147.) 

June  17,  1904, — Where  a  right  of  way  for  a  reservoir  site  has  been  granted 
under  the  act  of  March  3,  1891,  which  provides  that  entries  subsequent  to  such 
grant  shall  be  subject  thereto,  the  United  States,  in  purchasing  the  rights  of 
such  grantee,  does  not  succeed  to  the  superior  rights  granted  by  said  act  as  to 
entries  made  subsequent  to  such  grant;  and  the  right  to  flood  and  appropriate 
lands  and  improvements  under  such  subsequent  entries  must  be  acquired  by  the 
United  States  by  agreement  or  by  condemnation  proceedings. 

May  ^8,  1905, — For  the  purpose  of  carrying  out  the  provisions  of  the  act  of 
June  17,  1902,  the  Government  may  avail  itself  of  the  privileges  conferred  by 
the  act  of  March  3,  1891,  granting  right  of  way  through  the  public  lands  for 
constructing  ditches  and  reservoirs  for  Irrigation  purposes  to  the  same  extent 
that  individuals,  corporations,  or  associations  of  Individuals  may  exercise  such 
privileges,  and  subject  to  the  same  conditions  and  limitations.     (33  L.  D.,  563.) 

RIGHT  OF  WAY  APPLICATIONS. 

July  14t  1902, — The  Conunissioner  of  the  General  Land  Office  was  instructed  to 
submit  to  the  Director  of  the  Geological  Survey,  for  his  consideration  and 
report,  all  applications  for  rights  of  way  over  the  lands  withdrawn  for  the  uses 
of  the  Reclamation  Service. 

September  18,  1902, — ^The  above  instructions  were  extended  to  cover  rights 
of  way  applied  for  within  the  limits  of  forest  reserves. 

June  23,  1903, — ^The  Ck)mmissioner  of  the  General  Land  Office  was  instructed 
to  submit  to  the  Director  of  the  Geological  Survey  all  the  applications  received 
for  rights  of  way  for  canals  or  reservoirs  in  any  of  the  States  or  Territories 
subject  to  the  operations  of  the  reclamation  act. 

SURVEYS. 

May  9,  1903, — As  the  land  which  it  is  proposed  to  reclaim  under  some  of  the 
projects  now  being  studied  has  not  been  subdivided  in  accordance  with  the 
public-land  surveys,  and  as  such  subdivisions  will  be  necessary  in  order  to 
make  proper  descriptions  for  the  disposal  of  the  same,  the  Secretary  decided 
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that  the  necessary  puhllc-land  surveys  could  be  ordered  whenever  they  were 
found  advisable. 

July  H,  1903.— The  Director  was  authorized  to  instruct  the  engineers  and 
topographers  of  the  Reclamation  Service  to  retrace  and  re-mark  the  public-land 
lines  within  the  areas  under  survey  with  a  view  to  their  reclamation. 

ARTESIAN  WELLS. 

March  5,  1903. — ^The  reclamation  fund  can  not  be  used  for  drilling  artesian 
wells  for  exploration.  Such  wells  may  be  paid  for  from  the  reclamation  fund 
only  in  cases  when  there  is  sufficient  knowledge  in  advance  to  make  it  prob- 
able that  water  will  be  obtained  from  them  in  sufficient  quantities  for  the 
irrigation  of  lands,  with  the  probability  that  the  cost  will  be  returned  to  the 
reclamation  fund.     (32  L.  D.,  278.) 

LAND  AND  PROPERTY  PURCHASES. 

March  20,  1903, — Whenever  the  Director  is  authorized  by  the  Department  to 
enter, on  negotiations  looking  to  the  acquisition  by  the  United  States  of  rights 
or  property,  or  both,  he  will  designate  such  persons  as  he  thinks  proper  to 
carry  on  such  negotiations. 

April  28,  1903. — The  expenses  of  procuring  abstracts  of  title  to  lands  or 
rights  are  payable  from  the  reclamation  fund,  provided  the  lands  or  rights  are 
to  be  purchased  and  not  condemned. 

January  28,  1904- — When  laud  the  acquisition  of  which  is  necessary  is  not 
needed  at  once  and  can  be  purchased  for  a  less  price  if  the  vendor  is  allowed 
to  retain  possession  until  the  land  is  needed,  an  arrangement  to  that  eflTect 
may  be  entered  into.  But  after  purchase  and  possession  by  the  United  States 
such  lands  can  not  be  leased. 

March  2J^,  iPO^.— The  Attorney-General  instructed  the  Ufiited  States  attorney 
at  Tucson,  Ariz.,  to  cooperate  with  the  officers  of  the  Reclamation  Service  In 
securing  valid  titles  to  lands  sought  to  be  purchased.  These  instructions  serve 
as  a  precedent  for  obtaining  similar  cooperation  in  other  districts. 

April  8,  190J^. — Where  the  purchase  of  real  property  is  contemplated,  the  title 
thereto  will  be  passed  upon  by  the  assistant  attorney-general  for  the  Department 
of  the  Interior. 

February  6,  1905. — Where  an  irrigation  system  already  constructed  and  in 
operation  may  be  utilized  in  connection  with  a  greater  system  to  be  constructed, 
its  purchase  for  such  purpose  comes  within  the  purview  of  the  reclamation 
act.  The  reclamation  fund  can  be  used  only  for  the  purchase  of  lands  necessary 
for  the  construction  and  operation  of  irrigation  works  within  the  territorial 
limits  of  the  United  States.     (33  L.  D.,  391.) 

October  12,  1905. — Settlers  upon  lands  within  the  limits  of  a  withdrawal 
made  under  the  terms  of  the  reclamation  act  can  not  be  compensated  for  im- 
provements when  the  land  is  taken  for  construction  purposes  unless  they  have 
acquired  a  right  as  qualified  settlers  under  the  public  land  laws  at  the  date  of 
the  withdrawal. 

LANDS  IN  PRIVATE  OWNERSHIP. 

May  21,  190^. — Where  lands  are  in  private  ownership  in  blocks  of  more  than 
160  acres  the  excess  may  be  conveyed  to  members  of  the  owner's  family,  pro- 
vided the  transfer  is  bona  fide  and  the  requirements  of  the  reclamation  act  as 
to  residence  are  complied  with.     (32  L.  D.,  647.) 

August  30,  1904. — In  regard  to  the  disposition  under  reclamation  projects  of 
lands  in  private  ownership  held  in  tracts  of  more  than  160  acres  by  any  one 
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person,  it  was  held  that  the  views  of  the  Department  as  to  the  necessities  of 
the  case  wonld  be  satisfied  by  any  agreement  drawn  upon  the  lines  suggested 
In  the  forms  adopted  by  the  Uncompahgre  Valley  Water  Users*  Association  or 
the  Yuma  CJounty  Water  Users*  Association.  These  forms  provide  for  vesting 
in  these  associations  the  title  to  the  excess  of  lands  owned  in  blocks  of  more 
than  160  acres  and  authorize  them  to  sell  the  lands  in  case  of  the  failure  of 
the  owner  to  dispose  of  them  to  persons  qualified  to  apply  for  water  rights 
under  the  reclamation  act  by  the  time  the  Government  is  ready  to  furnish  the 
water.     (33  L.  D.,  202.) 

OPTIONS. 

AfMTil  28, 1903. — Payment  of  a  sum  of  money  for  an  option  for  a  right  of  way, 
water  right,  or  land  needed  for  the  reclamation  work  would  not  be  a  proper 
expenditure  from  the  reclamation  fund. 

EXCHANGE  OP  LANDS. 

February  20,  1904. — ^The  Secretary  has  no  authority  to  permit  the  owner  of 
lands  that  are  needed  for  a  reservoir  to  be  constructed  under  the  terms  of  the 
reclamation  act  to  select  other  lands  of  the  same  area  within  the  district  that 
may  be  made  susceptible  of  irrigation  from  the  proposed  reservoir  in  exchange 
for  the  lands  so  needed  for  reservoir  purposes.     (32  L.  D.,  459.) 

PRINTING. 

October  28,  190S. — In  view  of  the  opinion  of  the  Assistant  Comptroller,  dated 
October  21,  1903,  that  the  Secretary  of  the  Interior  Is  authorized,  under  the 
provisions  of  section  10  of  the  reclamation  act,  to  prescribe,  by  rule  and  regu- 
lation, the  manner  in  which  printing  may  be  done  by  engineers  in  the  field,  the 
Secretary  authorized  the  Director  to  have  the  requisite  printing  done  locally, 
when  necessary,  in  the  prosecution  of  reclamation  work,  and  directed  that  it 
be  paid  for  from  the  reclamation  fund. 

September  22,  1905. — ^The  Director  of  the  Geological  Survey  has  authority  to 
print  specifications  for  the  Reclamation  Service  as  soon  as  they  are  received,  at 
the  lowest  obtainable  price  for  prompt  delivery,  and  to  pay  therefor  from  the 
reclamation  fund. 

TRESPASSERS. 

February  25,  iPO^.— Withdrawals  under  the  first  form  of  withdrawal  (p.  24) 
are  absolute,  and  the  Department  may  remove  persons  from  such  lands  as 
trespassers. 

INDIAN  RESERVATIONS. 

February  9,  190^. — As  a  rule  ceded  Indian  lands  are  subject  to  disposition 
under  certain  specific  acts  mentioned  in  the  treaty  or  the  act  of  Congress  pro- 
viding for  the  cession,  and  hence  would  not  be  subject  to  withdrawal  under  the 
provisions  of  the  reclamation  act    Specific  decisions  will  be  made  on  each  case. 

ABANDONED  MILITARY  RESERVATION. 

July  20,  1904.— The  Secretary  of  the  Interior  is  without  authority  to  segre- 
gate lands  in  abandoned  military  reservations  for  use  as  reservoir  sites  in  con- 
nection with  an  irrigation  project  under  the  act  of  June  17,  1902.  (33  L, 
D.,  130.) 
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NOTICE. 

August  5,  1905, — In  giviug  public  notice  of  the  lands  to  be  irrigated,  of  the 
adjustment  of  entries  to  the  farm  unit  determined  upon,  and  of  the  estimated 
payments,  the  register  and  receiver  of  the  local  land  office  are  required  to  cause 
such  notice  to  be  given  by  posting  in  the  local  land  office,  by  publication,  and 
by  mailing  special  notice  by  registered  mall  to  every  person  who  may  have  made 
entry  during  the  period  of  withdrawal,  requiring  him  to  adjust  his  entry 
within  sixty  days  a  from  the  receipt  of  notice.     (33  L.  D.,  191.) 

WATER  USERS'  ASSOCIATIONS. 

August  30,  1905. — The  United  States  is  not  to  be  a  party  to  a  contract  be- 
tween water  users'  associations  and  the  owners  of  lands  lying  within  the  irri- 
gable area  of  a  project;  its  only  interest  in  the  agreement  or  benefit  It  may 
derive  therefrom  Is  in  the  subdivision  of  large  holdings  In  tracts  not  exceeding 
160  acres  and  the  transfer  of  the  excessive  lands  to  Individuals  who  will  reside 
thereon  and  bring  them  within  the  provisions  of  the  Irrigation  act,  and  In  the 
mutual  agreement  to  be  secured  thereby  between  water  users  throughout  the 
Irrigable  area  upon  the  use  and  distribution  of  the  water  and  the  subordination 
of  whatever  rights  they  may  have  theretofore  acquired  to  the  provisions  and 
conditions  of  the  reclamation  act.  Agreements  drawn  upon  such  lines,  pro- 
viding a  method  of  sale  for  excess  lands  conforming  to  the  local  law  governing 
judicial  sales,  are  satisfactory  to  the  Department     (33  L.  D.,  202.) 

FOREST  RESERVES  AND  NATIONAL  PARK. 

December  30,  190 4^ — Lands  in  forest  reserves  and  in  the  Yosemlte  National 
Park  may  be  appropriated  and  used  for  irrigation  works  to  be  constructed 
under  the  reclamation  act     (33  L.  D.,  389.) 

RECLAMATION  FUND. 

February  6,  1905, — The  authority  of  the  Secretary  of  the  Interior  respecting 
the  use  of  the  reclamation  fund  as  defined  and  limited  by  the  act  Is  to  make 
preliminary  investigation  to  determine  the  feasibility  of  any  contemplated 
irrigation  project,  to  construct  and  operate  reservoirs  and  irrigation  works, 
and  to  acquire  rights  or  property  necessary  for  these  purposes.     (33  L.  D.,  391.) 

NAVIGABLE  STREAMS. 

February  6,  1905. — Congress  has  control  over  navigable  streams  and  the 
waters  thereof,  and  no  claim  based  upon  appropriation  of  such  waters  for  irri- 
gation purposes,  made  without  the  sanction  of  Congress,  should  be  recognized  by 
the  Secretary  of  the  Interior  as  valid.     (33  L.  D.,  391.) 

liOCATION    OF    RECIiAMATION  PROJECTS,   FORESTED 
AREAS,  AND  OPEN  RANGE. 

The  location  of  the  principal  reclamation  projects  is  shown  on  PI.  I,  which 
gives  the  outlines  of  the  States  and  also  of  the  areas  now  included  within  the 
forest  reserves.  These  have  been  created  largely  with  a  view  to  conserve  the 
water  supply  for  the  benefit  of  irrigation,  and  their  position  with  reference  to 
tlie  irrigation  projects  Is  of  importance  particularly  with  reference  to  the  ex- 
panse of  wooded  or  forested  areas,  from  which  come  the  principal  parts  of  water 
supply,  and  from  which  are  derived  the  fuel  and  the  fence  posts,  poles,  and 

•August  18,  1904  (33  L.  D.,  158),  thirty  days  allowed. 
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lumber  necessary  to  the  success  of  the  settler.  The  location  of  these  forests 
or  wooded  area?*  is  shown  on  PI.  II.  which  gives  the  outline  of  the  western 
States  and  Territories  and  shows  the  forested  areas. 

The  location  of  the  principal  areas  to  be  irrigated  under  the  terms  of  the 
reclamation  act  is  shown  by  the  black  spots  on  PI.  I.  These  are  within  exten- 
sive areas,  whose  outlines  are  shown  on  the  map.  These  l)oundarie8  indicate 
the  positions  of  the  townships  within  which  public  lands  have  been  tempo- 
rarily segregated  pending  survey  and  examination.  Most  of  this  land  has 
already  passed  out  of  the  control  of  the  Government,  but  it  was  deemed  wise 
at  the  outset  to  make  reservation  of  considerable  areas,  in  order  to  allow  lati- 
tude in  final  selection  of  the  lands  that  might  be  reclaimed. 

Much. of  the  success  of  the  settler  upon  lands  irrigated  under  the  terms  of 
the  reclamation  act  is  dependent  upon  the  use  of  the  grazing  land.  The  vast 
extent  of  open  grazing  country  is  shown  on  PI.  Ill  by  the  cross-hatched  area. 
Although  this  country  is  theoretically  open  to  all  citizens  and  can  be  utilized  for 
grazing,  yet  practically  it  is  to  a  large  extent  subdivided  and  held  by  various 
stockmen,  who  control  the  water  supply  and  in  one  way  or  another  render  it 
difficult  or  impossible  for  the  newcomer  to  find  subsistence  for  his  animals. 
One  of  the  problems  yet  unsettled  is  that  of  securing  to  the  settler  under  the 
terms  of  the  reclamation  act  the  use  of  the  surrounding  grazing  land  until 
such  time  at  least  as  he  Is  able  to  establish  himself.  He  must  at  first,  while 
breaking  up  the  ground,  subduing  the  soil,  setting  out  trees,  and  getting  his 
land  in  form  for  agriculture,  have  some  free  range  where  his  animals  can  obtain 
subsistence.  CJonsideration  for  the  general  welfare  demands  that  herds  of  cattle 
or  bands  of  sheep  owned  by  nonresident  citizens  should  not  be  permitted  to 
destroy  the  grazing  in  the  immediate  vicinity  of  the  small  farm  of  the  settler 
under  the  irrigation  act 

PROGRESS  OF  WORK. 

The  projects  which  appear  to  be  most  meritorious  and  which  present  the 
least  obstacles  to  early  achievement  have  been  first  selected,  and  work  has 
been  begun  on  these.  At  the  same  time  in  performing  work  in  one  State  the 
interests  of  other  States  have  not  been  neglected,  but  It  has  been  foimd  that 
the  greatest  obstacles,  both  from  the  engineering  and  the  human  standpoint,  are 
encountered  in  States  from  which  the  largest  funds  have  been  derived.  This  Is 
because  these  States  are  not  truly  arid,  for  dry  farming  is  now  successfully 
carried  on  In  them,  and  most  of  the  farmers  do  not  desire  to  change  their  meth- 
ods and  take  up  the  more  laborious  work  of  intensive  cultivation  under  Irri- 
gation. As  a  result,  there  have  been  great  obstacles  to  overcome  in  these 
States,  and  in  some  It  has  been  necessary  to  leave  the  restricted  fund  as  an 
amount  which  may  be  expended  In  future,  when  feasible  plans  can  be  made. 

There  are  two  distinct  ways  in  which  the  reclamation  fund  may  be 
expended — (1)  construction  may  be  undertaken  only  when  the  funds  in  the 
Treasury  are  ample  to  complete  the  entire  work,  which  may  extend  over  several 
years;  (2)  work  on  each  project  may  be  started  If  funds  will  probably  be 
available  before  the  work  is  finished  in  all  of  Its  parts. 

Under  the  first  plan  it  would  be  necessary  to  keep  in  the  Treasury  for  several 
years  all  the  money  that  would  be  needed  for  construction  in  the  future,  and 
to  work  only  on  such  projects  as  could  be  completed  by  the  fund  actually  in 
hand. 

Under  the  second  plan,  work  could  be  started  at  all  points  at  once,  contracts 
being  made,  however,  only  for  parts  which  can  be  completed  as  a  whole,  and 
for  which  there  are  ample  funds  In  the  Treasury.    By  this  plan  the  works' 
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would  be  completed  several  years  earlier  than  by  the  first  plan,  and  a  great 
part  of  the  reelauiation  fund  would  not  lie  idle  indefinitely. 

Work  has  been  pushed  energetically  on  all  projects  where  construction  has 
been  begun.  There  have  been  some  delays,  due  to  floods  and  other  unforeseen 
events,  but  on  the  whole  the  contractors  have  all  pushed  their  work,  and  most 
of  them  will  probably  complete  It  within  the  required  time. 

The  table  below  shows  the  construction  work  that  has  been  accomplished  on 
all  the  projects : 

Work  completed  on  reclamation  projects. 

Main  canals  constructed miies__  77 

Distributing  canals  constructed do 54 

Irrigation  ditches  constructed do 18<5 

Telephone  lines  completed do 250 

Tunnel  driven do 3i 

Roads  constructed do 120 

Oflace  and  buildings 50 

Cement  mill 1 

Bridges  built - 147 

Excavation  accomplished cubic  yard8__  9,350,000 

Concreting   accomplished * do 70,000 

Puddling  done do 4, 500 

Riprap do 12, 000 

Lumber  purchased feet  B.  M_-  1,750,000 

Lumber  sawed do 2, 880, 000 

Sheet  piling  driven linear  feet—  15,000 

Bearing  piles  driven do 10,000 

Railroad  Iron  used pounds..  130,000 

Structural  steel  used do 250,000 

Paving square  feet—  190. 000 

Cement  purchased barrels—  78,000 

Cement  manufacturetl do 15, 000 

The  stage  of  the  work  on  each  project  Is  given  below : 

Salt  River  project,  Arizona, — On  this  project  the  cement  mill,  telephone 
system,  and  temporary  power  plant  have  l3een  completed  and  are  now  in  opera- 
tion. The  power  canal  Is  about  98  per  cent  finished  and  will  be  completed 
In  a  short  time.  The  contractors  for  the  Roosevelt  dam  have  been  assembling 
their  equipment  and  are  ready  to  push  operations. 

Yuma  project,  California-Arizona, — About  2^  per  cent  of  the  Laguna  dam  is 
completed  and  about  0  per  cent  of  the  dike  system. 

Vncompahpre  Valley  project,  Colorado, — ^The  telephone  system  on  the  Uncom- 
pahgre  Valley  project  has  been  completed  and  Is  In  operation.  Divisions  1  to  10 
of  the  South  canal  are  finished,  and  some  work  has  been  done  on  divisions  11 
to  20.  The  entire  South  canal  may  be  regarded  as  about  15  per  cent  completed. 
After  the  contractors  had  completed  about  2  per  cent  of  the  Gunnison  tunnel 
they  gave  up  the  contract  and  the  work  has  since  been  carried  on  under  force 
account.    About  15  per  cent  of  the  tunnel  Is  completed. 

Minidoka  project,  Idaho. — The  work  on  the  dam,  spillway,  and  canal  may  be 
considered  as  half  finished,  and  about  21  per  cent  of  the  work  on  the  distrib- 
uting canal  has  been  done. 

Huntley  project,  Montana, — ^There  has  l>een  some  delay  in  the  work  on  this 
project,  due  to  the  refusal  of  bidders  to  execute  the  contracts.  It  IS  believed 
that  everything  Is  now  arranged  and  that  constnictlon  will  proceed  rapidly. 
About  1  per  cent  of  the  structures  Is  conipletecL 
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Lotcer  Yellowstone  project,  Montana-North  Dakota. — The  telephone  system  is 
about  40  per  cent  completed,  and  about  5  i^er  cent  of  the  structures  and  4  per 
cent  of  the  canals  are  finished. 

North  Platte  project,  Xehraska-Wyoming. — ^The  Pathfinder  tunnel  is  complete, 
and  about  72  per  cent  of  the  Interstate  canal  remains  to  be  done.  The  con- 
tractor is  beginning  work  on  the  Pathfinder  dam. 

Triickee-C arson  project,  Nevada. — The  main  canal  and  the  distributing  canals 
oil  the  Truckee-Carson  project  are  now  complete  and  water  has  been  turned 
Into  them.  The  ditches  are  about  95  per  cent  finished.  Little  has  been  done 
on  the  regulating  works  at  Lake  Tahoe,  as  an  injunction  was  obtained  by  a 
neighboring  landowner  and  operations  are  temporarily  suspended. 
•  Hondo  project,  New  Mexico. — The  rock  excavation  on  this  project  has  been 
completed,  and  of  the  dam  and  canals  about  60  per  cent  of  the  work  yet  remains 
to  be  done.  About  half  of  the  work  on  the  dam  and  canals  has  been  carried 
on  under  force  accounts,  as  the  contractors  gave  up  the  contract  after  they  had 
completed  about  23  per  cent  of  work. 

Belle  Fourche  project.  South  Dakota. — The  telephone  system  on  this  project 
has  been  completed,  and  about  43  per  cent  of  the  main  canal  may  be  regarded 
as  finished. 

Shoshone  project,  Wyoming. — Preliminary  surveys  of  this  project  have  been 
completed  and  contracts  have  been  awarded  for  the  dam.  and  tunnel.  The 
Jtmtractors  are  beginning  work  on  these,  and  work  may  be  expected  to  progress 
rapidly. 

FINANCIAIi  STATEMENT. 

RECEIPTS  AND  EXPENDITURES. 

The  fund  created  by  the  provisions  of  section  1  of  the  reclamation  act  is 
derived  from  the  proceeds  of  the  sale  and  disposal  of  public  lands  in  13 
States  and  3  Territories.  The  act  was  in  part  retroactive,  putting  into  the 
fund  the  proceeds  beginning  with  the  fiscal  year  ending  June  30,  1901.  Upon 
its  signature,  therefore,  on  June  17,  1902,  there  were  available  practically  two 
years'  receipts. 

No  expenditures  were  made  before  the  fiscal  year  ending  June  30,  1903.  The 
following  table  gives  the  receipts  and  expenditures  up  to  the  end  of  the  last 
fiscal  year,  June  30,  1905.  The  figures  for  this  last  year  are  not  exact,  as  the 
receipts  have  not  yet  been  fully  computed  by  the  Treasury  officials,  and  the 
accounts  and  claims  against  the  fund  have  not  yet  been  fully  audited,  there 
being  a  number  of  adjustments  to  be  made  dependent  uiwn  the  interpretation 
of  certain  laws. 

Receipts  and  expenditures  from  reclamation  fund,  July  1,  1900,  to  June  30,  1905. 


Fiscal  year  ending  June  30— 

RecelptB. 

Expenditure**. 

1901 

r),I44.«a.91 
4,586,520.53 
8,718,996.00 
6,806,853.50 
4,805,515.89 

Nothing. 

Nothing. 

$886,440.21 

i9oe 

1908 

1904 

1,461,805.01 

1906 

8,714,588.64 

Total 88,076,108.02  |       5,468,868.86 

The  above  table  gives  the  totals  for  the  fiscal  yenr.-.     The  fund,  however, 
must   be   considered    in    accordance   with    political    divisions,    as    required    by 
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section  9  of  the  net,  In  which  It  is  declared  that  it  is  the  duty  of  the  Secretary 
of  the  Interior  to  expend  the  major  portion  of  funds  arising  within  each 
State  or  Territory  within  such  State  or  Territory,  subject  to  the  existence  of 
feasible  Irrigation  projects. 

The  term  "  major  portion  "  has  not  been  defined,  but  Is  assumed  to  be  51  per 
cent  of  the  proceeds.-  There  Is  thus  what  might  be  termed  a  restricted  portion 
of  the  fund,  namely,  51  per  cent  of  the  amount  received  from  each  State  and 
Territory,  and  an  unrestricted  portion,  or  49  per  cent,  of  the  entire  fund.  This 
unrestricted  portion  may  be  used  by  the  Secretary  according  to  his  discretion, 
and  can  be  expended  in  construction  of  feasii)le  works  In  any  one  or  more  of  the 
States  and  Territories  named. 

This  provision  for  an  unrestricted  fund  arose  from  the  well-known  fact  that 
the  greatest  needs  and  opportunities  of  reclamation  are  In  States  and  Terri- 
tories from  which  the  receipts  from  the  disposal  of  public  lands  are  least ;  and 
it  has  thus  been  practicable  to  start  work  in  such  localities  without  the  delay 
Incident  to  Its  initiation  In  States  where  Irrigation  is  least  needed,  and  where 
there  Is  little  desire  on  the  jmrt  of  the  present  landowners  to  Incur  the  expense 
incident  to  reclamation. 

The  following  table  gives  in  alphabetic  order  the  States  and  Territories 
from  which  the  funds  for  the  y^ars  1901  to  1905  have  been  derived,  the  re- 
stricted portion  of  the  funds,  and  the  total  expenditures  already  made  on  behalf 
of  these  States  and  Territories  up  to  June  30,  1905.  The  expenditures  are  given 
in  detail  In  the  reports  on  the  projects. 

In  this  apportionment  of  expenditures,  the  cost  of  administration  of  the 
Washington  office,  and  of  engineering  and  expert  advice  has  been  Included,  all 
of  these  Items  of  general  expenditure  being  apportioned  to  one  State  or  another. 
This  apportionment  Is  subject  to  revision  as  developments  proceed,  because  much 
of  the  work  lies  along  or  near  State  lines,  and  much  of  the  expenditure  made  In 
one  State  In  connection  with  storage  reservoirs  or  headworks  of  large  canals  will 
be  ultimately  chargeable  to  land  In  adjacent  States,  because  of  the  direct  bene- 
fits derived  by  these  lands.  It  Is  Impossible  at  the  outset  to  make  this  appor- 
tionment on  a  final  basis  because  of  the  uncertainties  connected  with  the  exact 
future  development  of  these  large  bodies  of  land. 

fiources  and  condition  of  the  reclamation  fund. 


State  or  Territory. 


Total  reclama-l    Restricted 
tion  fund  to  '  fund=51  per 
June  30, 1905.  cent. 


Arizona 

California 

Colorado 

Idaho 

Kansas 

Montana 

Nebraska 

Nevada 

New  Mexico . . 
North  Dakota 

Oklahoma 

Oregon 

South  Dakota. 

Utah 

Washington    . 
Wyoming 

Total..  . 


Expendi- 
tures to  June 
90,1905. 


2,323, 
1,969, 
2,034, 

130, 
2,146, 

671, 
64, 

621, 
4,440, 
3,127, 
4,769, 
1,023, 

:)62, 
3,051, 
1,185, 


768.19 
057.69 
733.89 
690.52 
874.68 
687.45 
849.57 
929.12 
349. :« 
501.94 
703.87 
380.84 
172.13 
076.89 
433.01 
801.42 


28,(176,108.02 


$124, 
1,184, 
1,0(M, 
1,037, 
71, 
1,094, 

842, 
33, 

265, 
2,284, 
1,505, 
2,432, 

521, 

184, 
1,556, 

604, 


321.78 
759.42 
564.28 
696.75 
336.19 
810.60 
643.28 
113.85 
888.14 
701.89 
128.72 
388.97 
817.79 
658.96 
230.84 
758.72 


14,318,815.18 


$1,391, 
292, 
295, 
218, 

10, 
190, 
148, 
2,067, 
160, 
112, 

18, 
144, 

67, 


106.82 
180.80 
528.06 
880.27 
682.26 
186.02 
407.50 
408.71 
974.68 
065.07 
768.46 
628.15 
516.72 


112.040.96 
150,477.86 


5,462,268.86 
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LIABILITIES. 

In  addition  to  the  actual  expenditures  from  the  reclamation  fund,  considera- 
tion must  be  had  of  certain  liabilities  diminishing  the  balance  available  for 
expenditure.  These  liabilities  consist  for  the  most  part  of  a  few  large  contracts 
entered  Into  for  the  construction  of  works,  the  operations  on  which  will  extend 
over  several  years.  All  such  contracts  are  entered  Into  In  compliance  with  the 
terms  of  section  4  of  tjie  reclamation  act,  providing  that  before  letting  any 
contracts  for  portions  or  sections  of  the  work  the  necessary  funds  must  be 
available. 

This  wise  provision  Is  In  accord  with  the  general  law  governing  such  matters, 
and  great  care  Is  being  taken  In  this  regard.  At  the  same  timp,  plans  are  being 
made  for  expenditures  dependent  upon  future  receipts  to  the  fund.  In  order  that 
by  having  comprehensive  plans  the  work  may  be  carried  on  systematically  and 
economically. 

The  following  list  of  liabilities  gives,  by  States  and  Territories,  arranged  In 
alphabetic  order,  the  estimated  amounts  due  on  contracts  and  the  amounts 
already  paid.  Many  of  these  contracts  were  under  consideration  and  were  not 
signed  on  June  30,  1905,  and  the  list,  which  has  been  brought  down  to  November 
1,  1905,  is  therefore  not  strictly  comparable  with  the  above  estimates,  which 
through  the  necessities  of  the  case  end  with  the  last  fiscal  year. 

Liabilities  under  contracts  entered  into  to  October  31, 1905. 


State  or  Territory.             |             Project. 

Estimated 
total. 

Amounts 
paid. 

$502,428.45 

8,668.76 

91,800.28 

218,887.68 

Balance. 

Arizona Salt  River 

$1,979,800.25 

868,976.00 

6^,866.47 

1,164,178.00 

$1,477,431.80 
866,416.24 
616,666.24 
986,785.47 

California-Arizona           .    . 

Colorado 

Uncompahgre  a 

Minidoka 

Idaho 

Kanifas 

Montana 

Huntley 

256,479.00 
961,062.00 
2,110,898.16 
26,087.04 
679,484.00 

266,479.00 

Nebraska- Wyoming 

North  Platte 

Truckee    . 

65,138.92 

2,009,204.82 

26,087.04 

8,491.11 

896,948.08 

Nevada 

101,198.34 

New  Mexico..*. 

Hondo  ^    

North  Dakota-Montana 

Lower  Yellowstone . 

670,992.89 

Oregon-Oalifomia 

South  Dakota 

Belle  Fourche 

211,849.00 

66,240.98 

L^,  108. 02 

Utah 

WaHhington 

Wyoming 

Shoshone 

1,110,066.00 

1,110,065.00 

Total 

9,960,306.92 

2,986,337.84 

^6, 978, 971. 06 

•  Does  not  Include  contracts  given  up  by  Taylor-Moore  Construction  Co. 

*  Equals  71.5  per  cent  of  total  contracts. 

In  addition  to  these  large  liabilities  there  are  many  small  contracts,  Involving 
a  few  dollars  each,  and  which  in  total  sum  are  unimportant  They  pertain 
merely  to  the  dally  routine  of  small  purchases  of  fuel,  subsistence,  and  supplies 
necessary  for  maintenance  of  office  and  construction  camp,  and  to  such  items  as 
lease  of  pasturage,  telephone  service,  hire  of  storage,  etc. 

ESTIMATED  FUTURE  RECEIPTS  AND  EXPENDITURES. 

In  order  to  prepare  plans  for  the  near  future  intelligently.  It  Is  necessary  to 
keep  In  mind  the  probable  Increments  to  the  reclamation  fund.  Most  of  the 
work  already  begun  or  to  be  undertaken  will  be  completed  In  1907  or  1908.     It 
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has  been  deemed  wise,  therefore,  to  make  plans  embracing  expenditures  up  to 
June  30,  1908.  In  order  to  do  this,  the  probable  receipts  from  the  fund  have 
been  obtained  from  the  General  Land  Office  and  are  given  below  in  connection 
with  the  receipts  for  previous  years.  The  amounts  given  represent  the  receipts 
and  the  estimated  receipts  for  the  fiscal  years  ending  June  30  In  the  years 
specified. 

Schedule  of  estimated  receipta  and  expenditures. 


Year. 


1901 
190Si 
IfiOS 
1904 
1906 
1906 
190r 
1908 


Receipts. 


.18,144,821.91 

4,585,680.68 

8,713,996.00 

6,886,268.60 

4,805,615.89 

a  3,260,000. 00 

a  3, 000, 000. 00 

0  2,750,000.00 


Total  at  end 
of  year. 


Expenditures  '  ^ndifi;^'„t '     Balance  at 
ea..hv«ar.       ^^d^^V?Sr*^    end  of  year. 


each  year. 


$7,780,842.44 
16,444,330.04 
28,270,592.63 
28,076,108.08 
81,826,108.08 
34,386,108.08 
87,076,108.08 


-I- 


$280,440.81  I 

1,461,305.01 

8,714,583.64 

ft  6, 000, 000. 00 

MO,  000, 000. 00 

68,000,000.00 


$286,440.81  I 
1,747,746.22  | 
6,468,268.86 
11,462,268.80 
21,462,268.86 
20,462,868.86  ' 


$8,144,821.01 
7,760,842.44 
16,157.888.83 
21,522,747.41 
22,613,839.16 
19,863.839.16 
12,863,839.16 
7,618,830.16 


oElstinmte  of  Gtoneral  Land  OfBce. 


(>  Estimated. 


PURCHASES  OF  RIGHTS  OR  PROPERTY. 

Section  7  of  the  reclamation  act  provides  that  where  In  carrying  out  the  pro- 
visions of  the  act  It  Is  necessary  to  acquire  any  rights  or  property,  the  Secre- 
tary of  the  Interior  may  acquire  them  for  the  United  States  by  purchase  or  by 
condemnation  under  Judicial  process. 

The  following  Is  a  list  of  the  purchases  thus  far  made  under  this  section  of 
the  act : 

Purchases  of  rights  or  property. 


SALT  RIVER  PROJECT,  ARIZONA. 


Vendor. 


Armer,   Henry    and 
Lncinda. 


Henderson ,  A .  J . ,  and 
wife. 


Hocker,  Herbert. 


Description. 


Hudson       Reservoir 
and  Canal  Co. 

Martin,  C.  T 


Nelson,  John  W . 
Paacoe,  T.  A 


Plnnkett,S.S. 


E.  i  NW.l,  8W.  i  NB.i,  NW.  J  8E.  i 
sec.  19,  T.  4  K.,  R.  13  E.,  G.  and  S. 
R.  M.,  Qila  County,  Ariz.,  160  acres 
and  water  righte. 

8.  i  SE.  Jsec.  86,  T.  4  N.,  R.  18 E.,  G. 
and  8.  R.  M.,  Arizona,  80  acres  and 
water  rights. 

8.  i  NE.  4,  NE.  1  SE.  h  and  SE.  J  NW. 

ksec.  27,  T.  4  N.,  R.  18  E.,  G.  and  S. 
.  M.,  160  acres,  Arizona. 

Right  of  way  map  approved  Oct.  6, 
1890;  right  to  flood  about  10,000 
acres,  and  water  rights. 

SE.  i  SE.  i  sec.  1,  T.  4  N.,  R.  11  E., 
and  8W.  i  8W.  i  sec.  6,  and  N.  i 
NW.  i,  sec.  7,  T.  4  N.,  R.  12  E.,  G. 
and  8.  R.  M.,  Arizona,  1S2  acres. 

W.  J  NW.  \  sec.  28,  T.  4  N.,  R.  15  E., 
G.  and  8.  R.  M.,  Arizona,  80  acres. 

S.  1  SW.  i  and  5  acres  1.320  feet  long 
and  166  feet  wide  on  the  8.  end  of 
8W.  i  SE.  J  sec.  28,  and  N.  i  NW.  i 
and  N W.  i  NE.  i  sec.  33,  T.  4  N.,  R. 
13  E ,  G.  and  8.  R.  M.,  206  acres, 
also  water  right. 

RifCht  of  way  across  SE.  i  8E.  k  sec. 
36,  T.  4  N.,  R.  18  E.,  Arizona,  and 
water  right. 


Consider- 
ation. 


$3,600.00 

3,500.00 

1,800.00 

40,000.00 

600.00 

eoo.oo 

12,000.00 
100.00 


Remarks. 


Deed  dated  May  25, 
1904;  $500  of  purchase 
money  paid  oy  Mari- 
copa Company. 

Deed  dated  Mar.  1, 1904. 


Deed  dated  Oct.  — ,  1906. 


Deed    dated    July   19, 
1904. 

Deed    dated    May 

1905. 


Deed    dated    July 
1905. 

,  Deed  dated  Sept.  6, 190a 


Deed    dated    July   21, 
1904. 
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Purchases  of  rights  or  property — Continued. 
SALT  RIVER  I»ROJECT,  ARIZONA— Continued. 


Vendor. 

Description. 

Conslder- 
atiou. 

Remarks. 

Smith,  J.  A 

NE.  J  NE.  i  sec.  19  and  N W.  k  NW.  \ 
sec.  80,  T.  4  N.,  R.  12  E.,  G.  and  8. 
R.  M.,  Arizona,  80  acres,  also  water 
right,  ditch,  etc. 

Lota  2.  3,  and  4,  sec.  81.  T.  4  N.,  R.  14 
E.,  G.  and  8.  R.  M.,  Arizona,  111.14 
acree,  and  water  right 

Lota  5, 6,  7  and  SE.  i  SW.i  sec.  6,  T. 
8  N  ,  R.  14  E.,  G.  and  8.  R.  M.,  Ari- 
zona, also  water  right. 

SW.  \  NE.  \  and  NW.  \  SE.  i  sec.  80, 
T.  4  N.,  R.  13  E.,  G.  and  8.  R.  M., 
Arizona,  80  acres. 

$600.  (JO 

2,600.00 
1,500.00 
2,fi00.00 

Deed   dated  Aug.    — , 

Btargeon,  J.  E 

Webrll,  J.  C 

m)6. 

Deed    dated    May  5, 
1904. 

Deed    dated    Feb.    — . 

Zfichoegner,  H 

1906. 

Deed   dated    Jnly   — , 
1906. 

YUMA  PROJECT,  CALIFORNIA-ARIZONA. 


A.  L.  Dean  and  wife. 


Do. 


C  H.  Meadows  and 
wife. 


Do. 


RnUer,C.  C. 


E.  iSE.  i  sec.  6,  E.  i  NE.  i  sec.  7  and 
SE.  }  sec.  7,  T.  7  S.,  R.  21  W.,  G.and 
8.  R.  B.  and  M.,  820  acree. 

W.  ISE.  i  sec.  6  and  W.  k  NE.  i  sec. 

7,  T.  7  8.,  R.  21  W.,  G.  and  8.  R.  M., 
100  acres. 

NW.  i  sec.  7,  T.  7  S.,  R.  21  W.,  G.  and 

8.  R.  B.  and  M.,  100  acres. 

SW.JL sec.  7  and  NW.  i  sec.  18,  from 
C.  H.  Meadows,  and  NW.  i  sec.  7, 
from  Ida  M.  Meadows,  all  in  T.  7 
8.,  R.  21 W.,  G.  and  8.  R.  M.,  Ari- 
zona, 320  acres. 

8.  i  NE.  i,  8.  i  NW.  i,  and  NE.  \ 
NW.  \  sec.  18,  T.  7  8.,  R.  22  W.,  G. 
and  8.  R.  M.,  Arizona,  200  acres. 


$5,657.00 


2,014.00 


Deed   dated 
1905. 


Do. 


May    22, 


2,100.00     Deed   dated    May   11, 
1905. 


4,200.00 


1,100.00 


Do. 


Deed  dated  Aug. 
1905. 


UNCOMPAHGRB  VALLEY  PROJECT,  COLORADO. 


Block,  C.  A. 


Block  29,  Marchant  Ss  Peabodv's  sqI>- 
diyision  of  Selig's  addition  to 
Montrose,  Colo. 


$450.00 


Deed   dated    Mar.   20, 
1905. 


MINIDOKA  PROJECT,  IDAHO. 


Samson-Gifford  Co . 


Smith,   A.   H.,  and 

wife. 


SW.  \  SW.  i  and  lots  1,  2,  and  3,  sec. 
17;  lot  5,  sec.  20;  lots  6  and  7,  sec. 
19;  lots  1  and  2  and  N.  *  SW.  i  sec. 
16;  lot  5,  sec.  21,  T.  9  8.,  K.  28  E., 
B.M.,  Idaho,  428.7  acres. 

8W.  J  SE.  i  lot  2,  sec.  8;  NE.  i  NE. 
i  and  lots  5  and  6,  sec.  17,  T.  9  8.,  R. 
27  E.,  B  M.,  Idaho,  158.7  acres. 


$18,100.00 


1,900.00 


Deed    dated  Aug. 
1905. 


Deed    dated    Jnne   2, 
1905. 


NORTH   PLATTE   PROJECT,  NEBRASKA. 


North  Platte  Canal 
and  Colonissation 
Co. 


(")  Contract  executed  by 

t      Secretary  of  Interior 
'      Dec.  22, 1904. 


«  Carriage  of  water  for  North  Platte  Canal  and  Colonization  Co.,  maintenance  charges 
to  be  paid  by  water  users. 
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Purchases  of  rights  or  property — Continued. 
TRUCKEB-CAR80N   PROJECT,   NEVADA. 


Vendor. 


Mercantile  Tmst  Co. . 

Occidental  Land  and 
Improvement  Co. 

Pray,  Helen  A.,  et  al . 


Deacrlption. 


64.25  acres  in  sec.  7,  T.  15  N.,  R.  17  E., 
M.  D.  B.  and  M.,  Placer  Connty, 
Cal.,  at  outlet  Lake  Tahoe. 

5,076.22  acres  in  Lyon  and  Churchill 
counties,  Nev. 

SE.  i  sec.  88,  T.  18  N.,  E.  i  NW.  i  and 
NE.  i  sec.  4,  and  fractional  N.  i  sec. 
S  T.  17  N.,  R.  25  E.,  M.  D.  M., 
Nevada,  719.62  acres. 


Consider- 
ation. 

Remarks. 

$6,800.00 
28,185.22 

Deed    dated    Aug.    9, 
1904. 

Deed    dated    Mar.    6, 

1905. 

2,157.00    Deed    dated    An«r.    9, 
19IH. 


HONDO  PROJECT,  NEW  MEXICO. 


Hagerman.  J.  J.,  and  '  SW 
wife,  and  Roswell  |  N 
Land  and  Water  it 
Co.  R 


H 
rights. 


.  iand  SW.  i     $20,000.00  !  Deeds    dated    Dec 
E.  4,  N.  i  SE.  I      1906. 

:.  28,  T.  11  N., 
BO  SW.  i  SW. 
.  26,  SE.  i  SE. 
i  and  NW.  i 
N.,  R.  22  E., 
New  Mexico, 
e,  and  water 


CONTRACTS. 

CONSTRUCTION  CONTRACTS. 

Section  4  of  the  reclamation  act  gives  the  Secretary  authority  to  let  contracts 
for  constructing  the  work  In  such  ix)rtIons  or  sections  as  It  may  be  practicable 
to  construct  and  to  complete  as  parts  of  the  whole  project  In  accordance 
with  the  requirements  of  this  section,  the  surveys  and  examinations  are  brought 
as  quickly  as  possible  to  a  point  where  contracts  may  be  let  for  portions  of  the 
work.  As  soon  as  one  contract  Is  let,  the  examinations  are  pushed  forward 
rapidly  to  a  point  where  another  Integral  unit  can  be  taken  up. 

In  order  to  expedite  construction,  the  plans  are  rapidly  outlined,  and  when 
the  feasibility  of  the  whole  project  has  been  determined.  Immediate  action  Is 
taken  toward  beginning  construction  without  waiting  for  all  of  the  minor  details 
to  be  settled.  Hence,  construction  has  usually  been  begun  uiwn  one  part  or 
another  long  before  the  final  surveys  have  been  finished  for  the  project  as  a 
whole.  In  drawing  up  the  large  contracts  provision  has  been  made  for  this 
condition.  All  large  contracts  have  been  entered  Into  upon  a  unit  basis  as  to 
cost  per  cubic  yard  of  dirt  moved  or  concrete  laid,  the  change  In  final  details 
being  at  all  times  an  essential  part  of  the  contract  This  has  enabled  modifi- 
cations to  be  made  as  the  work  progresses.  Instead  of  waiting  months  or  years 
to  perfect  every  detail,  It  has  thus  been  possible  to  get  the  work  started  and, 
as  the  ground  has  been  opened  and  conditions  have  become  better  known,  to 
modify  the  shai)e  of  the  structures  to  suit  the  new  conditions. 

Although  the  greater  part  of  the  expenditure  Is  made  under  a  few  relatively 
large  contracts,  there  Is  In  the  aggregate  a  considerable  amount  of  work  which 
must  be  done  under  what  is  known  as  "  force  account,"  by  the  employment  of 
men  by  the  day.  Much  of  the  preliminary  work,  such  as  boring  for  foundations, 
putting  In  test  pits,  constructing  roads,  etc.,  can  be  handled  only  In  this  way. 

The  maintenance,  also,  of  the  completed  work  Is  a  matter  which  can  be  car- 
ried on  only  by  force  account.    Thus  there  Is  a  steadily  Increasing  necessity  for 
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a  system  which  will  enable  the  force  account  work  to  be  carried  on  economi- 
cally and  effectively.  There  have  also  been  instances  where  the  contractors 
have  failed,  and  where  it  has  been  necessary  for  the  worit  to  be  taken  from  their 
hands  and  continued  by  force  account,  under  the  direct  supervision  of  the  engi- 
neers of  the  Reclamation  Service. 

The  present  system  of  letting  contracts  is  unquestionably  the  best  on  any 
class  of  work  capable  of  accurate  description.  It  is  the  method  which  is  em- 
ployed by  all  large  corporations,  and  where  discretion  is  used  excellent  results 
follow.  As  a  rule,  the  profits  to  the  contractors  on  the  reclamation  work 
have  not  been  large ;  and,  in  fact,  there  is  more  danger  of  loss  to  the  contract- 
ors, and  consequent  poor  work,  than  of  inordinate  profits.  One  of  the  chief 
diflficuities  encountered  has  been  that  growing  out  of  the  attempt  of  inexperi- 
enced or  irresponsible  persons  to  get  an  award  of  a  contract.  There  is  preva- 
lent a  mistaken  idea  that  a  Government  contract  is  a  sure  road  to  wealth,  and 
a  number  of  persons  who  are  wholly  unprepared  by  past  experience  have  com- 
peted by  offering  bids  in  regular  form.  Some  of  these  bids,  on  examination, 
have  been  found  to  be  based  on  ignorance,  for  the  prices  offered  are  less  than 
the  amount  for  which  the  work  can  possibly  be  done.  Where  the  prices  have 
been  ridiculously  disproportionate  to  the  work,  it  has  been  possible  to  reject 
the  bid  altogether;  but  the  chief  danger  lies  in  those  cases  in  which  the  prices 
are  not  so  extremely  low  that  the  bids  can  be  absolutely  disregarded. 

Some  men  who  have  had  moderate  experience  on  private  work,  and  who  can 
not  properly  be  classed  as  wholly  ignorant  of  contract  operations,  contrive  to 
get  together  sufilclent  capital  to  enable  them  to  bid,  and  these  may  underbid 
more  experienced  contractors  and,  if  they  have  good  luck,  may  be  able  to  com- 
plete the  work  without  great  loss.  These  men  depend  largely  upon  the  hope 
that  they  can  succeed  in  getting  some  modification  of  the  letter  of  the  specifi- 
cations or  some  special  privileges,  and  do  not  give  suflacient  weight  to  the  need 
of  fulfilling  absolutely  all  the  requirements  of  the  contract  In  short,  they 
hope  by  good  luck  and  ingenious  evasion  ultimately  to  get  through  the  work  in 
some  fashion. 

To  deal  with  would-be  contractors  of  this  class  has  been  difficult  and  irritat- 
ing. In  some  cases  the  boards  of  engineers  have  been  morally  certain  that 
these  men  could  not  carry  out  the  work,  and  yet  have  not  been  able  to  obtain 
actual  proof  of  that  fact,  as  the  commercial  standing  of  the  would-be  contract- 
ors has  been  fairly  good,  they  have  had  some  experience,  and  there  is  always 
the  unknown  factor  of  good  luck  which  keeps  some  men  out  of  disaster.  If 
the  individual  members  of  the  board  were  handling  the  matter  as  a  private 
affair,  they  would  reject  such  bids;  but  as  public  officials  they  must  be  pre- 
pared to  give  proof  of  the  soundness  of  their  judgment.  If,  on  general  prin- 
ciples, they  recommend  the  rejection  of  the  lowest  bid  they  are  at  once  exposed 
to  charges  of  favoritism.  Hence,  bids  must  sometimes  be  awarded  to  the  lowest 
bidder  when  there  is  reasonable  doubt  in  the  minds  of  all  concerned  as  to  the 
wisdom  of  the  award.  Then  follows  a  long  struggle,  involving  daily  warfare 
l)etween  the  engineering  and  inspecting  force  and  the  contractor  In  the  effort 
to  compel  him  to  fulfill  the  terms  of  the  contract  The  contractor,  realizing 
that  his  profits  will  be  small  or  that  he  Is  losing  money  day  by  day,  resorts  to 
every  device  that  human  ingenuity  can  conceive  to  save  here  and  there,  and 
there  is  a  dally  contest  of  wits  and  almost  of  brute  force  In  order  to  carry  out 
the  work. 

During  1905  there  has  been  a  rapid  development  of  railroad  building  In  the 
West  and  of  construction  of  all  kinds.  Labor,  at  best  a  scarcity  in  the  market, 
has  become  more  and  more  difficult  to  obtain,  wages  have  advanced  greatly, 
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and  the  efficiency  and  steadiness  of  lalwr  has  decreased.  Hence  the  contracts 
entered  Into  in  1904  or  in  the  eariy  part  of  1005  liave  liecome  increasingly  diffi- 
cult to  fulfill,  and  some  of  the  smaller  contractors  have  been  forced  to  the  wall. 
The  cost  of  materials  has  also  greatly  advanced,  and  where  time  has  been  an 
element  there  have  been  serious  losses .  from  this  source.  The  experienced 
subcontractors  have  nearly  all  been  loaded  up  with  work,  and  the  main  con- 
tractors have  found  it  exceedingly  difficult  to  carry  out  the  operations  at  the 
speed  agreed  upon. 

Although  the  Government  contracts  do  not  recognize  the  subcontractor,  yet, 
as  a  matter  of  fact,  all  large  work  is  performed  by  subcontractors,  the  man  or 
firm  obtaining  the  contract  from  the  Government  furnishing,  as  a  rule,  the 
working  capital  and  becoming  the  re8i)onsible  superintendent.  The  anomalous 
condition  is  one  which  should  be  recognized,  as  the  attempt  to  carry  on  Gov- 
ernment business  In  a  form  different  from  that  of  ordinary  commercial  affairs 
Invariably  leads  to  unnecessary  expense  and  difficulty. 

The  following  tables  show  the  status  of  all  contracts  heretofore  made  under 
the  several  projects : 

Status  of  constrnctUm  contracts,  October  31,  1905, 
SALT  RIVKR  PROJECT,  ARIZONA. 


Contractor. 


Wilcox  &  Rose 

Allis-Chalmers  Co 

James  R.  Thorpe 

Hendrle  &  Bolthoff  Man- 
ufacturing Co. 

Bullock  Electric  Manu- 
facturing Co. 

Stillwell-Bierce  &  Smith- 
Vaile  Co. 

Robert  Sherer  &  Co 


JohnTuttle 

Do 

Llewellyn  Iron  Works . 

Wolf  Sachs 

C.  R.  Eager  &  Co 

J.B.  Sturgeon 

J.  M.  O'Rourke  &'Co  . . . 


Total. 


Work  or  material. 


Cement  mill 

Cement-mill  machinery . 

Telephone  system 

Cement-mill  motors 


Generator   for    tempo- 
rary power  plant. 

Water  wheels 


Power  canal  excavations 
and  structures. 

Power  cAual  tunnels 

Sluicing  tunnel 

Sluicing  gates 

Hauling 

Fuel  oil 

Firewood 


Estimato^l 
amount  of 
contract. 


$12,606.56 
38,880.00 
22,711.43 
10,641.60 

9,687.50 

8,445.00 

280,000.00 

166,623.66 
11,178.00 

102.000.00 
50,000.00 

174,000.00 
5,0B2.6O 


Vouchers 


Percent- 


Roosevelt  dam  I  1,147,600.00 


approved  I  Percent*     *tf^JI.^ 
fo  •  pay- 


ment. 


$12,505.56 
38,880.00 
22,711.43 
10,641.50 

9,687.60 

6,000.00 

201,287.05 

166,623.66 
11,178.00 
2,668.80 
7,669.80 
8,662.55 
5,082.60 


1,979,305.25  '502,438.45 


age  paid. 


work 


pleted. 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

59 

100 

91 

96 

loa 

100 

100 

100 

2 

5 

15 

15 

6 

5 

100 

100 

0 

0 

YUMA  PROJECT,  CALIFORNIA-ARIZONA. 


J  G.  White  &  Co 

Tjagrnnn  dam 

$797,650.00 
66,826.00 
62,000.00 

$8,558.76 

1 
0 
0 

21 

Miller  &  Peasley 

Dikes 

9 

Pacific  Portland  Cement 

Cement 

0 

Oo.a 

Total 

8,568,76 

•  In  preparation. 
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i^tatUH  of  conatruction  contracts^  October  SI,  190') — Continued. 
TINCOMPAIIGRE  VALLEY  PROJECT,  COLORADO. 


Contractor. 


Work  or  material. 


Estimated 
amount  of 
contract. 


Taylor-Moore  Conatruc- 
tion Oo.a 

Ed.  A.  Hess 

Knowlton  &  Bollen  Con- 
struction Co. 

Orman  &  Crook 


Gunnison  tunnel $1,008,500.00 


Kellogg  &  Worley 

J.J.  Kewin , 

Montrose  Hardwai*o  Co. 

Orman  &  Crook 


Telephone  syBtem 

South  canal,  divisions  1, 
2,7,8,9. 

South  canal,  divisions  8, 
4,5. 

South  canal,  division  6. . . 

Office  building 


Heating  plant  fur  office  | 
building. 

South  canal,  divisions  10- 
21.  I 


5,641.60 
41,010.38 

83.509.85 

8,873.64 

4,166.00 

800.00 

513,366.00 


Total ' 1,615,866.47 


Vouchers 
approved 
for  pay- 
ment. 

Percent- 
age paid. 

Percent- 
age of 
work 
com- 
pleted. 

$18,890.05 

5,641.60 
41,010.88 

33,509.85 

8,873.64 
2,764.76 

2 

100 
100 

100 

100 
66 
0 

0 

16 

100 
100 

100 

100 

100 

0 

9 

110,690.28 

MINIDOKA  I'ROJECT,   IDAHO. 


Bates    &    Rogers    Con-  I  Dam,  spillway,  and  canal, 
struction  Co. 

$425,923.00 

$134,629.96 

82 

51 

Poi-tland  Cement  Co. 
Utah 

of  j  Cement 

41,300.00 

12,854.80 

31 

44 

Hubbard  &  Carlson.. 

....    Distributing     canal, 
schedule  2. 

121,494.00 

20,744.04 

17 

38 

W.  H.  Crumb  &  Co. . . 

Telephone  system 

6,335.00 

0 

0 

Orman  &  Crook 

..'-.   Distributing     canal, 

354,828.00 

40,702.41 

11 

•      25 

1      schedules  1,  5,  6,  and  7. 

Vulcan  Iron  Works . 

Distributing     canal, 

schedules  8  and  4. 

9,471.00 

0 

0 

Monarch  A  Porter ... 

Distributing     canal. 

194,827.00 

9,456.32 

5 

11 

schedule  8. 

Total 

1,154,173.00 

218,387.63 

1 

1 

HUNTLEY    PROJECT,    MONTANA. 


W.  D.  Lovell 

Illinois  Steel  Co  ...* 

Cotton  Bros.  &  tlo.ft 

W.  D.  Lovell «» 

Callahan,   Katz,  Phelan 
&  Shirley.b 

Total 


Structures $88,764.00 


Cement 

Main  canal,  division  1. 
Main  canal,  division  2. 
Main  canal,  division  3. 


7,700.00 
118,560.00 
43,246.00 
53,210.00 


I 


256,479.00 


LOWER  YELLOWSTONE  PROJECT,  MONTANA-NORTH  DAKOTA. 


Elmer  A.  Hees Telephone  system $14,989.00 

Deadwood  Construction 
Co. 

Callahan  Bros. ,  Phelan  & 
Shirley. 

Widell-Pinley  Co 

Chas.  Stabem 


Illinois  Steel  Co  . 


Structures,  division  4  . . . .        28, 143. 00 
Canal,  divisions  2  and  3..       356,758.00 


Canals,  division  1 

Structures,  divisions  1, 2, 
and  3. 

Cement 


168,368.00 
104,276.00 

12,000.00 


Total 1 679,484.00 


a  Contract  given  up  by  contractors. 


'>In  preparation  October  31, 1906. 


$3,910.85 
1,379.40 

26 
5 

0 

.6 
2 

0 

40 
10 

0 

836.99 
2,363.87 

7 
5 

83 

8,49L11 

1 
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Status  of  construction  contracts,  October  31,  1905 — Continued. 
NORTH  I'LATTE  PROJECT,  NEBRASKA-WYOMING. 


Contractor. 

Estimated 

Work  or  material.           amount  of 

contract. 

1 

Vouchers, 
approved 
for  pay- 
ment. 

Percent- 
age paid. 

Percent- 
age of 
work 
com- 
pleted. 

Kilpatrick  Bros.  &  Col- 
lins* Co. 

Robinson  &  Maney 

Griffith  &  McDermott . . . 

Orman  &  Crook 

James  O'Connor 

Deadwood  Construction 
Co. 

Jamea  F.  Stanley         . .  . 

Pathfinder  tunnel 

Interstate    canal,    divi- 
sions 1,  2,  6,  7,  9,  and  10. 

sion  3. 

Interstate     canal,    divi- 
sion 5. 

Interstate     canal,    divi- 
sion 8. 

Interstate     canal,    divi- 
sion 4. 

Brid^    . 

$34,292.00 

216,388.00 

78,135.00 

76,647.00 

37,560.00 

32,695.00 

3,385.00 
482,000.00 

$29,666.75 
9,836.98 
2,230.40 
12,198.10 
5.831.17 
5,485.52 

86 
6 
3 
16 
16 
17 
0 

100 
12 
7 
27 
23 
88 

100 

Geddes  &  Seerie  Stone 

Pathfinder  dam 

0 

0 

Co. 

Total... 

961,082.00 

66,138.92 

TRUCKEE-CARSON   PROJECT,   NEVADA. 


E.  B.  &  A.  L.  Stone  Co. 
C.  A.  Warren  &  Co. . . . 


J.  D.  Spreckels  &  Bros.  Co. 
Clarence  W.  Swain 


Pacific  Coast  Construc- 
tion Co. 

San  Francisco  Construc- 
tion Co. 

R.  C.  Mattingly 


San  Francisco  Construc- 
tion Co. 

Pacific  Coast  Construc- 
tion Co. 

Utah  Construction  Co 

Pacific  Portland  Cement 
Co. 

Edward  Malley 


Main  canal,  divi&ion  3 . 

Main  canal,  divisions  1 
and  2. 

Cement 

Bridges 

Distributing  canals,  ex- 
cavation. 

Distributing  canals, 
structures. 

Distributing  canals, 
head  works. 

Ditches,  divisions  1 ,2,and 

•• 

Ditches,  division  5 i 


I 


$339,118.80  $839,118.80 


Ditches,  divisions  8  and  4  J 
Cement 


Pacific  Portland  Cement 
Co. 

Total 


Lake  Tahoe  regulating 
works. 

Cement 


965,943.25 

89,818.66 

4,288.00 

354,777.26 

63,947.76 

60,773.18 

129,587.00 

43,436.31 

117,737.00 
15,021.00 

32,200.00 

8,750.00 


965,943.25 

89,818.65 

2,040.00 

254,777.26 

53,947.76 

60,773.13 

102,457.08 

43,436.31 

81,871.68 
16,021.00 


2, 110,398. 16  2,009,204.82 


100 
100 

100 
48 
100 

100 

100 

79 

100 

70 
100 

0 

0 


100 
100 

100 
100 
100 

100 

100 

95 

100 

95 
100 

0 

0 


Taylor-Moore  Construc;- 
uon  Co.  a 

Slinkard     Construction 
Co. 

Total 


HONDO  PROJECT,  NEW  MEXICO. 


Dam  and  <ranals,  sched- 
ules 1,3,4,5,6. 

Rock  excavation,  sched- 
ule 2, 


$118,408.00     $18,989.88 


28,087.04 


144,490.04 


26,067.04 


40,026.92 


12 
100 


640 
100 


•  Contract  given  up  by  contractors. 

^17  per  cent  completed  under  force  account 
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Status  of  construction  contracts,  October  31  ^  1905 — Continued. 
BELLE  FOURCHE  PROJECT,  SOUTH  DAKOTA. 


Contractor. 

Work  or  material. 

Estimated 
amount  of 
contract. 

$99,937.00 
107-2fi0.00 

Vouchers 

approved   Percent- 
lor  pay-   ,age  paid, 
ment. 

$24,166.49  1         24 
28,738.40  1         27 
3,338.09  '         80 

Percent- 
age of 
work 
com- 
pleted. 

S.  R.  H.  Robinson 

WideU  Finley  Co 

Main  canal,  division  1  — 
Main  canal,  division  2 

31 
46 

W.H.  Crumb  &  Co 

Telephone  system 4 ,  152. 00 

100 

Total -J      211.849.00 

66,240.98    

SHOSHONE  PROJECT,  WYOMING. 


Prendex^^ast  &  Clarkson. 

Shoshone  dam 

$515,780.00 
504,325.00 

0 
0 

0 

Charles  Spear 

Oorbett  tunnel       _ 

0 

Tnt^)                                              , 

1,110,055.00 

MISCELLANEOUS  CONTRACTS. 
Miscellaneous  contracts  and  leases  made  by  the  Reclamation  Service. 

ARIZONA. 


Name. 


Aldridge,Dan 

Anderson,  L.  A 

Barclay,  Higdon  &  Co 

Berray,  N.  S 

Central  Avenue  Improvement  Co  . 

Chilchuana,  Henry 

Collins,  D.B 

Enga^r,  M 

Fernandez,  C 

Figuroa,  Abel 

Hemington,  Ernest 

Hicks,  R 

Hinton,  S.  H 

Ingram,  Lon 

Jenkins,  A.  R 

May,J.T 

Mills,  F.J .... 

Morris,  Harvey 

Norton,  L.B 

Sheppard,  R.  J 

Striplin,  J.  L 

Vinyard,  G.  L 


Date. 


Subject. 


1905. 
Aug.  1 
...do... 
July  29 
July  1 
...do... 
Aug.  1 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
June  1 
Aug.  1 
...do.. 
...do... 
...do... 
...do... 


Hauling  40,000  feet  of  lumber. 
Hauling  1,000  feet  of  lumber. 
Hauling  oil. 

Rent  of  warehouse.  Globe. 
Rent  of  Phoenix  office. 
Hauling  20,000  feet  of  lumber. 
Cutting  500,000  feet  of  lumber. 
Hauling  40,000  feet  of  lumber. 
Cutting  300  cords  of  wood. 
Hauling  40,000  feot  of  lumber. 
Hauling  10,000  feet  of  lumber. 
Hauling  40,000  feet  of  limiber. 

Do. 

Do. 

Do. 
Hauling  4,000  feet  of  lumber. 
Use  of  drilling  plant. 
Hauling  40,000  feet  of  lumber. 

Do. 
Hauling  5,000  feet  of  lumber. 
Hauling  40,000  feet  of  lumber. 
Hauling  30,000  feet  of  lumber. 


H.  Doc.  80.  5^1- 


-4 
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Miscellaneous  contracts  and  leases  made  by  the  Reclamation  Service — ContlnucHl. 

CALIFORNIA. 


Name. 

Date. 

Subject. 

Elite  Toilet  Service  Co 

1905. 
July    1 
Aug.  15 
May    1 
Jane  25 
Joly    1 
Apr.  28 

Toilet  service. 

Home  Telegri^pb  and  Telephone  Co 

Telephone  service. 

M«*rchantii' Exchange     

Rent  of  office,  8an  FrHnotHc^ 

Pacific  Electric  Railway  Co 

Rent  of  office,  Los  Angeles. 

Union  Towel  and  Case  Co 

Towel  service. 

Union  TrostCo     

Rent  of  office,  Braly  Building 
Los  Angeles. 

COLORADO. 


Colorado  Telephone  Co June  16 

Denver  Chamber  of  Commerce  and  Board  of  Trade. .    May  18 

Deeble  ft  Gibson 

DnPont,E.  I.,  Co 

Gibson  Lumber  Co 

Hallackft  Howard  Lumber  Co 

Rowley,  C.H 


Telephone  service. 

Rent  of  Denver  office.* 

Rent  of  Montrose  office. 

Explosives. 

Lumber  and  building  materials. 

Do. 
Hauling  coal. 


IDAHO. 


Sonna,  Peter . 


1905.     I 
June  30  j  Rent  of  Boise  office. 

I 


KANSAS. 


Hayes,  Ed.  8 

McBeth  &  Kinnison. 


Storage  of  property. 
Rent  of  Garden  City  office. 


MONTANA. 


Becker,  Edward  H 

Berry,  Eklward  J 

Billings  Mutual  Telephone  Co 

HUes,W.E 

Stanley,  Henry  H 


Rent  of  Billings  office. 

Rent  of  Glendive  office. 
June   1  '  Telephone  service. 
Sept.  9     Rent  of  Chinook  office. 
June  80  i  Rent  of  Great  Falls  office. 


I. 


NEBRASKA. 


Powers,  John . 


1905. 
June  26 


Rent  of  Mitchell  office. 


NEVADA. 


Beasley,  Jas.  W 

Dolf,  Thos 

Griffin,  Dan... 
Webb,  Geo.  W . 


1906. 
Apr.  12 


July 
Aug. 
July 


Use  of  horses,  mules,  and  scrap 
ers. 

Use  of  grading  outfit. 

Use  of  160  work  animals. 

Use  of  horses  and  mules. 
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Miscellaneous  contracts  and  leases  made  by  the  Reclamation  Service — Continued. 

NEW  MEXICO. 


Name. 


Carper,  Jos 

Cazier,T.P 

Eddy  Lodge,  No.  21 

Fox,  Herbert  E 

Harris,  F.H 

Leonard,  J.  L 

McOaffey,L.K 

SUnkard^W.R 


Date. 


1906. 
Sept.  11 
Aug.  1 
July  18 
July  1 
Aug.  1 
Sept.  15 
July  1 
Aug.   1 


Subject. 


Digging  well. 

Work  animaLs  and  equipment. 

Bent  of  Carlsbad  office. 

Rent  of  Albuquerque  office. 

Use  of  grading  outfit. 

Alfalfa. 

Rent  of  RoBwell  office. 

Use  of  grading  outfit. 


NORTH  DAKOTA. 


1905. 
Hedderich,  G.  M June  27 


Rent  of  Williston  office. 


OKLAHOMA. 


Allen,  Charlie  L. 


1905. 
June  27 


Outfit  for  surveying  party. 


OREGON. 


Armstrong,  A.  P 
Hendricks,C.C.. 
Summers,  S.T... 


Rent  of  Portland  office. 
Rent  of  Pendleton  office. 
Rent  of  Klamath  Falls  office. 


SOUTH  DAKOTA, 


McMaster,  Wm.H . 


Rent  of  Bellefourche  office. 


UTAH. 


Taylor,  C.E. 


1905. 
July    1 


Rent  of  Salt  Lake  City  office. 


WASHINGTON. 


BeauBoleil^  ndege 

Padflc  Telegraph  and  Telephone  Co  . 


1905. 
June  16 
June  27 


Rent  of  North  Yakima  office. 
Telephone  service. 


WYOMING. 


Chicago,  Burlington  and  Quincy  Rwy.  Co 

Dain,  Jeremiah 

Freeland  Telephone  Co 

Hoitsmai8yd.S 

Platte  Valley  Telephone  Co 

Walls,  W.L 


1906. 

Apr.  26 

Rent  of  Fort  Laramie  office. 

Sept.  7 

Rent  of  Casi>er  office. 

June  29 

Telephone  service. 

Sept.  20 

Removal  of  buildings. 

July    1 

Telephone  service. 

Sept.  23 

Rent  of  Cody  office. 
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UNIT  PRICES. 

In  the  tables  below  are  given  the  unit  prices  of  work  on  all  contracts  entered 
into  by  the  Reclamation  Service,  except  for  cement.  The  contract  prices  for 
cement  are  given  on  pages  360-361. 

Coift  iron, — ^The  specifications  for  cast  Iron  were  as  follows :  "  Cast  Iron 
shall  be  of  the  best  quality  of  soft  gray  iron,  free  from  cinders,  blowholes,  or 
other  imperfections,  and  the  castings  must  be  true  to  shape  and  dimensions  as 
shown  on  the  drawings.  No  plugging  of  holes  will  be  allowed.  Finished  mate- 
rials shall  be  clean,  smooth,  straight,  true  to  shape,  of  workmanlike  finish,  and 
free  from  defects." 

Unit  price  of  ctutt  iron. 


Project. 

Division.                  amount. 

Contract 

price  per 

pound. 

Remarks. 

Lower  Yellowstone  .. 
Do 

'  Pounds. 

Main  canal,  division  1 1,000 

Main  canal,  division  2 100 

Main  canal,  division  3 100 

Main  canal,  division  4 100 

Laterals,  division  1 2,100 

Laterals,  division  2 6,200 

Laterals,  division  8 4,200 

Laterals,  division  4 6,200 

Main  canal,  division  6 <       7, 400 

$0.06 
.06 
.06 
.07 
.086 
.086 
.086 
.086 
.09 

Do    .            

Do 

Trnokee-Oarson 

Do 

Do , 

Do •-... 

Do          -  ...:... 

Steel. — ^The  general  specification  for  steel  upon  which  the  bids  in  the  table 
below  are  based  is  as  follows :  '*  Steel  shall  be  furnished  in  quantities  and 
forms  required  and  paid  for  by  the  pound.  All  steel  shall  be  good,  open-hearth 
steel,  and  shall  have  an  ultimate  tensile  strength  of  not  less  than  60,000  pounds 
per  square  inch."  This  specification  contains  the  Important  requirements,  but 
was  varied  in  detail  according  to  the  character  of  the  projects  and  the  uses  to 
which  it  was  to  be  put    All  bids  were  on  furnished  and  erected  material. 

Unit  prices  for  steel. 


Project. 

Division. 

Total 
amount. 

Contract 
price. 

Remarks. 

Lower  Yellowstone . . 
Do 

Headworks    and    struc- 
tures, division  1. 

Structures,  division  2 

Structures,  division  8 

Structures,  division  4 

Structures,  division  1 

Structures,  division  2 

Structures,  division  8 

Structures,  division  4 

Reservoir,  canals,  etc 

Diversion  dam ... 

Pounds. 
7,800 

16,600 

7,600 

8,000 

918,000 

207,700 

173,800 

167,200 

100,000 

46,200 

16,000 

3,000 

8,800 

120,000 

80,900 

Per  lb. 
10.06 

.06 

.06 

.08 

.OOA 

.004 

.004 

.01 

.07A 

.04f 

.07 

.07 

.00 

.0288 

.08 

Structural  steel  in  place. 

Do 

Do 

Do 

Do    

Bid  on  placing  only. 

Do 

Do 

jondo 

Belle  Fourche 

Structural  steel  placed. 
Concrete  reenforoement. 

Do            

Dam 

Do         

Canal 

Truckee-Carson 

Huntley.  .^ 

Power  house,  division  6 . . . 
Bridges 

Do. 

Minidoka 

South  canal  ^  . 

Free  on  board  cars  nearest 

railroad  point. 
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Piles, — ^The  general  requireinente  for  piles  were  that  they  should  be  8  Inches 
at  the  small  end  and  12  inches  at  the  large  and  of  good  timber. 

Unit  prices  for  piles. 


Project. 

Division. 

Linear 
feet. 

Ck>ntract 
price. 

Remarks. 

Liower  Yellowstone  . . 

Stmctoree 

7,900 

10.20 
.85 
.15 
.71 

Delivered. 

Tmckee-Carson 

Dlstribnting  system 

Do. 

Do....: 

do 

Driving  only. 

Belle  Ponrche 

Dam     . 

400 

Delivered  and  driven. 

Sheet  piling, — Each  sheet  pile  shall  be  formed  of  three  planks  of  uniform 
width,  thickness,  and  length,  with  true  tongue  and  groove  and  substantially 
fastened  and  well  driven  in  the  cases  of  driving. 


Unit  prices  for  piles. 


Project.             1                 Division. 

1 

Board 
feet  de- 
livery; 
driving. 

Contracn 
price. 

Remarks. 

Ynma 

Lower  Yellowstone . . 

Do 

Do 

Do 

Do 

Do 

Do 

Trackee-Oaraon 

Do 

Laa?"'***'  dam ...   , 

Linear 
feet. 

68,000 

26,000 

105,000 

88,200 

6,000 

12,400 
6,890 
6,000 

Perfoot. 
10.40 
.186 
.185- 
.15 
.0206 

.0066 

.0065- 

.045 

.22 

.081 

.22 

1.76 

.18 

1.60 

Delivered  and  driven. 

Canal  headworks 

Delivered  only. 
Do. 
Do. 

Ctenal,  division  4 

Main    canal  headworka, 
division  1. 

Main  canal,  division  2 

Main  canal,  division  8 

Main  canal,  division  4 

Driving  only. 

Do. 

Do. 

Do. 
Delivered  only. 
Driving  only. 
Delivered  per  foot. 
Driving  per  pile. 
Delivered. 

do 

Do 

do 

870 
870 
820 
820 
600 

Do 

do 

Do 

do 

Do 

do 

Driving  per  pile.           ^ 

Belle  Ponrche 

Diversion  dam 
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Terra-cotta  pipe. — The  bids  on  terra-cotta  i)ipe  required  that  It  should  be  of 
standard  quality,  made  of  the  best  material,  thoroughly  and  perfectly  burned, 
of  homogeneous  texture,  without  cracks  or  imperfections,  well  glazed,  so  that 
the  inner  and  outer  surfaces  shall  be  hard,  smooth,  and  even  and  in  every  way 
acceptable  to  the  engineer.  The  pipe  was  to  be  delivered  and  placed,  inclucUng 
joints  and  refilling  trenches. 

Unit  prices  for  terra-cotta  pipe. 


Project. 


Lower  Yellowstone 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Diyision. 


Main  canal. 
Main  canal. 
Main  canal, 
Main  canal, 
Main  canal. 
Main  canal. 
Main  ^^pft), 
Main  canal. 
Main  canal. 
Main  canal. 
Main  canal. 
Main  canal. 


diyision  1. 
division  2 
division  8 
division  i. 
division  1. 
division  2. 
divisions 
division  4. 
division  1. 
division  2 
division  3 
division  4. 


Linear 
feet. 

Contract 
price  per 

linear 

foot. 

120 

$2.00 

120 

2.80 

110 

2.80 

240 

2.80 

120 

3.50 

120 

4.20 

240 

4.20 

800 

4.20 

120 

B.50 

880 

7.00 

860 

7.00 

860 

7.00 

Remarks. 


24-inch. 

Do. 

Do. 

Do. 
80-inch. 

Do. 

Do. 

Do. 
as-inch. 

Do. 

Do. 

Do. 


Masonry, — ^The  specifications  for  the  Roosevelt  dam  provide  that  the  masonrj* 
is  to  be  constructed  of  fine  grain,  broken  range  cyclopean  rubble;  stones  of  10 
tons  to  l)e  used,  and  the  whole  to  be  constructed  of  large  stones  as  far  as  prac- 
ticable. The  stone  is  to  be  obtained  near  the  dam  site.  The  Hondo  reservoir 
masonry  was  to  be  composed  of  limestone  from  quarries  in  the  vicinity  of  the 
structure,  was  to  l)e  the  best  obtainable,  with  minimum  dimensions  of  12  inches 
by  15  inches  by  C  inches. 

Unit  prices  for  masonry. 


Project. 

Division. 

Amonnt. 

Contract 

priceper 

cnbfc 

yard  .a 

Remarks. 

Salt  River 

Cu,  yds. 

800,000 
400 
6,000 
100 
200 
100 

$8. 15b 
20.00b 
4.766 
8.90 
8.50 
8.00 
5.40 

In  dam. 

Do 

do 

Coping. 
Wing  walls. 

Do 

do 

Hondo       -         

Canals  and  reservoir 

Stmcturee 

Huntley 

Dry  mbble  wall 
Dry  rubble  walls. 

Do 

Main  canal,  division  1 

Distribiiting  syHt^m 

Trnckfie-Carson 

a  Cement  furnished  by  the  United  States. 


bSand  furnished  by  the  United  States. 
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Concrete. — In   concrete   structures   all   cement   Is   furnished   by   the   United 
States. 

Unit  prices  for  concrete. 


Project. 

Division. 

Amount. 

Contract 

price  per 

cubic 

yard. 

Remarks. 

UncompahgTo 

Gunnison  tunnel 

Cu.yd. 
2,000 

27,150 

000 

1,000 

16.75 

4.00 
6.00 
6.90 
6.00 
5.00 
7.00 
8.00 
10.50 
12.00 
12.00 
12.00 
6.65 
8.50 
4.95 
8.78 

Concrete  lining  and  portal 

TnmA 

I  Agrunft  dAm 

masonry. 
Core  waU  in  dam. 

Salt  River 

Bridge  piers. 

Hondo  

Canals  and  reservoir 

Danoi       

Min^dokA 

Core  wall. 

Do  

do 

Spillway. 

Do 

Canal .'. 

Do 

do 

Diversion  channel  dam. 

Tmckee-Carson 

Do 

Do 

Do 

Laterals,  divisions  1, 2,  etc . 

Laterals,  division  8 

Laterals,  division  4 

Powerhouse .. 

575 

286 

400 

8,280 

Turnouts  and  bridges. 

Do. 

Do. 
Foundation. 

Do 

Distributing  canal,  etc 

Do 

do 

Belle  Pourche 

Huntley 

Dam  and  reservoir 

Structures 

21,880 
400 

1,200 

2,200 

100 

210 
2,500 
1,940 

1,000 

4,850 

250 

110 
15,000 

4,800 

1,850 
280 
850 

Without   nteel  reenforne- 

Do 

.    .do 

ment. 
8.96     Steel  reenforoement. 

Do 

Main  canal 

7.00  1  Not  reenforced. 

Do 

do 

8.00    Beenforcement  steel  fur- 

Lower  Yellowstone  .. 
Do 

Structures,  division  1 

Structures,  division  2 

Structures,  division  8  .... . 

Structures,  division  4 

Structures,  division  1 

Structures,  divisions  2-8  .. 

Structures,  division  4 

Dam          

j     nished  by  United  States. 
5.00 

5.00    Class  1,  broken. 

Do 

5.00    Stone  less  than  (  inch  di- 

Do  

ameter. 
6.25 

Do    ..    . 

1 
4.25  '  Class  2,  broken. 

Do 

4.25  !  Stone  leas  thAn  21  inches 

Do 

6.76 
7.00 

6.80 

6.50 
6.80 

7.28 

diameter. 
Placing  of  steel,  aid  for. 

Belle  Pourche 

Schedule  A.  Upstream 
face  footing  wall  of  dam. 

B.   Gktte  chambers,  con- 

Do  

.do. 

Do 

do 

duits,    and    appurte- 
nance.     F.   Miscellane- 
ous. 

Do 

do 

D.  Waste  conduit,  etc. 

Do 

Canals 

B.  Bridges,  canals,  sluice, 
and  (^verts. 
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Rock  fill. — The  requirements  for  a  rock  All  in  the  Laguna  bids  were  that  at 
least  two-thirds  of  the  total  quantity  shall  consist  of  blocks  of  not  less  than 
1,000  pounds,  one-half  of  which  at  least  shall  consist  of  blocks  of  4,000  pounds, 
the  rock  being  dumped  from  an  elevation  of  5  feet  or  more.  In  the  Minidoka 
dam  the  required  size  of  rocks  varied  from  1,000  to  4,000  pounds,  to  be  dropped 
from  an  elevation  of  10  feet. 

Unit  prices  for  rock  fill. 


Project 

Di  vision. 

Amount. 

Contract 
price 

per  cubic 
yard. 

Remarks. 

Tama 

T^gfuna  dam  .     

Cu.  yds. 
305,000 

$0.85 

■  .90 

.15 

Minidoka 

Dam 

Do 

Spillways 

Riprap. — ^The  conditions  are  briefly  stated  under  "Remarks"  in  the  table, 

they  being  so  varied  as  to  make  generalization  impossible. 

Unit  prices  for  riprap. 


Project. 


Division. 


Hondd Divl8ion8l,3,  4,  6 


Do I  Division  2.. 

Do Division  6.. 

Huntley Division  1... 

Do Divisions.. 

Do I  Structures. 

Minidoka Dam 


Do Canal 

Lower  Yellowstone   .   Canal  division  1  . 

Do '  Canal  division  2. 

Do i  Canal  division  H 

Do !  CanaldiviHion4. 

Belle  Pourche '  Division  1 


Truckee-Carson Spillway,  falls,  etc  . 

Uncompahgre [  Gunnison  tunnel . . . 


Sq.  yds. 
26,600 

100 

40K 

7/jO 

1,300 

1,000 


12,160 
2,400 

25,800 
12,900 
13,630 


Contract 

price  per 

square 

yard. 

Remarks. 

$0.42 

Riprap  stones  not  less 
than  1  foot  thick. 

.86 

Do. 

.42 

Do. 

2.75 

Do. 

3.50 

Do. 

3.60 

Do. 

2.00 

Minimum  thickness,  rip- 
rap, 18  inches;  stones,  1 
foot. 

1.25 

Do. 

1.99 

To  be  laid  on  12-inch  hose 
of  gravel. 

1.99 

Do. 

1.99 

2.00 

2.60 

Minimum  stone  i^  any  di- 
mension, 18  inches. 

4.00 

Loosely  placed. 

3.00 

Do. 

Tunnels. — The  specifications  for  tunneling  require  the  bid  to  include  excava- 
tion, removal  of  timbering,  concrete  lining,  ventilating,  draining,  and  pumping 
to  the  extent  of  10,000  gallons  per  twenty-four  hours.  In  the  Uncompahgre 
Valley  project  the  material  was  classed  as  follows :  Class  1,  hard  rock  that  will 
not  require  concrete  lining ;  class  2,  material  as  in  1,  with  arched  lining  overhead ; 
class  3,  material  that  will  stand  without  timber  until  lined  with  concrete; 
class  4,  material  that  must  be  timbered  during  excavation  and  lined  with  con- 
crete. In  the  Huntley  project  there  is  an  additional  clause  requiring  timbers 
and  logging,  timbers  in  all  cases  to  remain  after  lining  with  concrete. 


Digitized  by  VjOOQ IC 


UNIT   PRICES. 


51 


Unit  ftrices  far  tunnels. 


Project 

Division. 

Contract 
Amonnt  T>^^- 
1     foot. 

Remarks. 

Uncompahgrre 

f^Tinnifinn  tlinflA]                   _ 

Lin.  feet 

11,500  j   a $84.14 
1,800       a86.10 
10,000       a£6.60 
8,500       a86.00 
900  !        20.00 

Class  1. 

Do 

do 

Class  2. 

Do 

..  ..do               

Clfif^fi. 

Do 

do 

Class  4. 

Huntley 

Class  1. 

Do 

.     do                     

315 
800 

81.00 
88.00 

Class  2. 

Do 

do 

Class  8. 

Pavement,  excavation,  etc, — The  speclflcatlons  for  the  work  mentioned  below 
have  no  special  features  that  require  explanation : 

Unit  prices  for  pavement. 


Project. 


Division. 


Amonnt. 


Contract 

price  per 

square 

yard. 


Remarks. 


Tmckee-Carson . 

Do 

Do 

Do 

Do 


Laterals,  etc.,  division  1-2. 
Laterals,  etc.,  division  S-4. 
Power  house,  division  6. .. 

Head  works 

do 


Sq.yds. 
4,700 
7,400 

eoo 

1,000 


$1.50 

.60 

2.00 

1.896 

1.85 


Unit  prices  for  earth  placing. 


Project 

Division. 

Amount. 

Contract 
price. 

Remarks. 

Minidoka      

Dam 

Spillways 

Cu.yds. 

Rock. 

76,000 

Earth. 

110,000 

Rock. 

4,400 

Earth. 

7,600 

I0.90R. 
.80E. 

1                    («»)■ 

Do    

.75R. 

.60  E. 

a  Contractor  failed. 

b  Maximum  layers  of  1  foot,  thoroughly  wet.  The  bids  for  overhaul  were  $0.08,  fO.Ol,  and  fO.Ol 
per  100  feet,  respectively,  for  the  highest,  lowest,  and  lowest  total,  with  a  contract  prlceof  JO.Ol. 
R.  and  B.  stand  for  rock  and  earth,  respectively. 
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Unit  price  for  earth  excavation,  class  1,  loose  material  that  can  he  plowed 

toith  four  horses. 


Project. 


DiYision. 


Amount. 


Over- 
I    yard. 


Remarks. 


Belle  Fourche 

Truckee-Carson . . 

Do 

Do 

Do 

Do 


Do. 


Uncompahgre . 

Do 

Do 


Do 

Do 

Do 

Do 

Do 

Belle  Fourche . 

Do 

Do 

Do 


Do. 


Do. 
Do. 


Do. 
Do. 


Main  supply  canal. 


Laterals,  division  1 

Laterals,  division  2 

Laterals,  division  8 

Laterals,  division  4 

Old  river  channel,  divi- 
sion 5. 

Old  river  channel,  divi- 
sion 6. 

South  canal,  division  1.. 

South  canal,  division  2.. 

South  canal,  divisions  8 
and  4. 

South  canal,  division  5. 

South  canal,  division  6. 

South  cnnal,  division  7. 

South  canal,  division  8. 

South  canal,  division  9. 

Dam 

do 

do 

do 


.do. 


do.. 

Canals  . 


-do. 
.do. 


Cu.  yds. 
800,000 

160,000 
800,000 
250,000 
400,000 
200,000 

8,000 

41,000 
22,000 
68,000 

24,000 
46,000 
45,000 
48,000 
46,000 
18,000 
6,000 
1,580.000 
35,000 

80,000 

280,000 
6,000 

851,500 
45,000 


$0,120 

.185 

.185 

.14 

.14 

.15 

.15 

.12 
.12 
.14 

.14 
.11 
.12 
.12 
.12 
.80 
.60 
.28 
.16 

.80 

.20 
.15 

.166 
.165 


$0.01 

.015 

.015 

.02 

.02 

.01 


.015 
.015 
.015 

.015 

.05 

.015 

.015 

.015 

.80 

.60 

.28 

.16 

.80 

.20 
.15 


Total    overhaul, 
200,000. 


Trenches,  class  A. 

Dam  structures. 

Dam  embankments. 

Stripping    borrow 
pits. 

Trimming  dam  em- 
bankment. 

Grading,  class  A. 

Stripping    borrow 

Grading,  A. 

Excavating    from 
borrow  pits. 
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I'nit  prices  for  earth  cjcaiation,  class  la;    loose  material  and  material  that 
can  he  plowed  with  6  horses. 


Project. 


Division. 


Amount. 


Contract 

price  per 

cubic 

yard. 


Over- 
haul per 
100  feet, 
contract 
price  per 
cubic 
yard. 


Remarks. 


Lower  Yellow- 
stone. 

Do 

Do 

Do 

Do 

Do 


Do 

Hondo,  N.  Mex . 


Do 
Do 
Do 
Do 


Division  1,  schedule  A. . . 

Division  2,  schedule  A. . . 

Division  8,  schedule  A. . . 

Division '4,  schedule  A. . 

Division  1,  schedule  B. . . 

Divisions  2  and  8,  sched- 
ule B. 

Division  4,  schedule  B. . . 

Diversion  dam  and  inlet 
canal,  schedule  1. 

Outlet  canal,  schedule  8. 

EmbankmentfSchedule  4 

Embankment,schedule  5 

Structures 


Ctt6»<?  yds. 
1,077,000 


Huntley,  Mont. 

Do 

Do 


Main  canal,  division  1  . 
Main  canal,  division  2  . 
Main  canal,  division  3 . 


Minidoka Diversion  canal 


Do 


Truckee-Carson . 


Do  . 


Do. 


Do 


Uncompahgre . 


Canal  and  foundation  of 
spillways. 

Distributing  system,  di- 
vision 1. 

Distributing  system,  di- 
visions 2  and  3. 

Distributing  system,  di- 
vision 4. 

Distributine  system,  di- 
visions 6,  o,  and  7. 

Cedar  Creek  portal,  ap- 
proach to  tunnel. 


,062,000 

1,042,000 

411,000 

18,000 

7,500 

4,500 
74,000 

288,000 

80,000 

162,000 

100 

85,000 
305,000 
360,000 
000 
100 
48,000 


n 


325,000 
415,000 
185,000 
550,000 
75,000 


•0.14^ 

.14* 
.129 
.12 
.24 


.25 

•m 

.12*  I 

.14 

.16 

.23 

.130 

.15 

.15 

.15 

.15 

.13 

.15 

.12 

.16 


lO.Oli 

.01 
.01 
.01 
.OH 
•  OU 

.02 
.0131 

.0181 
.0181 
.0181 
.0181 

.02 
.015 


.015 

.015 

.01 

.01 

.01 

,01 


•  Actual. 


^  Basis  for  price. 


Unit  prices  for  earth  excavation,  class  lb;   all  loose  material  except  solid  rock 
and  bowlders  above  10  cubic  feet. 


Project. 

Division. 

Amount. 

Contract 

price  per 

cubic 

yard. 

Over- 
haul per 
100  feet, 
contract 
price  per 
cubic 
yard. 

Remarks. 

SaH  River 

Roosevelt  dam 

Cubic  yds. 
60,000 
306,000 

$1.75 
.30 

$0.15 

Tiima   

TAgifna  dam        .  . 
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Unit  priccH  for  earcavation,  clans  2;  indurated  material  of  all  kinds  xchich  can 

not  he  plowed. 


Project. 


Belle Fourche  ... 

Lower      Yellow- 
stone. 

Do 

Do 

Do 

Do 

Do 

Do 

Hondo,  N.  Mex.. 
Do 

Do 

Minidoka,  Idaho. 
Do 

Uncompahgre . . . 

Do 

Do 

Do 

Do 

Do 

Do ....: 

Do 

Truckee-Carnon . 

Do 

Do 

Do 

Do 

Do 

Do 


DiYision. 


Main  supply  canal 

Division  1,  schedule  A . . . 

Diyision  2«  schedole  A . . . 

Diyiaion  8,  schedule  A . . . 

Diyision  4,  schedule  A .  . 

Division  1,  schedule  B . . 

Divisions  2  and  8,  sched- 
ule B. 

Division  4,  schedule  B . . 

Diversion  dam 

Connected    with    rock 
W(Mrk. 

On  structures 

Diversion  channel 

Canal  and  foundation 
of  spiUwayB. 

South  canal,  division  1. 

South  canal,  division  t. . 

South  canal,  division  8 
and  4. 

South  canal,  division  6. . 

South  canal,  division  6. . 

South  canal,  division  7 
and  8. 

South  canal,  division  9. . 

Cedar  Creek  portal 

Distribution  system,  di- 
visions 1,  2, 8, 6,  7. 

Divisions  4  and  5 

Laterals,  ditches,  divi- 
sions 1  and  2. 

Ditches,  division  8 

Ditches,  division  4 

Ditches,  division  5 

Ditches,  division  6. . .-. . . 


Amount. 


Cubic  yd*. 
1,000 
1,000 

1,800 
1,200 

800 
1,500 

500 

200 

200 
100 

100 
100 
100 

8,000 

ii,or3 

24,000 

15,000 
6,000 
10,000 

10,000 
15,000 
91,288 

(«) 
900 

(«) 
6,112 

C) 


Contract 

price  per 

cubic 

yard. 


Over- 
haul per 
100  feet, 
contract 
price  yer 
cubic 
yard. 


$0.25 
.28 

.80 


.84 


.40 

.46 
.46 

.46 
.40 
.40 

.28 
.28 
.25 

.25 
.16 


.25 


Remarks. 


a  Amount  not  stated  in  contract. 


Digitized  by  VjOOQ IC 


UNIT   PBICB8. 


55 


Unit  priccH 

for  excavation,  claHts  3;  loose  rock  2  to  10  cubic  fert. 

Project. 

Division. 

Amount. 

Contract 
yard. 

Remarks. 

Tmckee-Carson 

Do    

Distributing  system,  divisions  1,  2, 
and  7. 

Distributing  system,  divisions  8  and  6. 

Distributing  system,  divisions  4  and  5. 

Structures 

Cu.yds, 
(«) 

(«) 
(«) 

500 
1,000 
1,200 

880 
1,200 
1,000 

500 

800 

$0.85 

.35 
.85 
1.00 
.45 
.80 
.80 
.80 
.50 

.50 

.50 

Do ... 

Huntley,  Mont 

Lower  Yellowstone  . . 
Do 

Main  canal,  division  1,  schedule  A . . . . 

Main  canal,  division  2,  schedule  A . . . . 

Main  canal,  division  8,  schedule  A.... 

Main  canal,  division  4,  schedule  A. . . . 

Main  canal  structures,  division  1, 
schedule  B. 

Main  canal  structures,  divisions  2 
and  3,  schedule  B. 

schedule  B. 

Do             

Do 

Do 

Do 

Do 

a  No  amount  given. 
Unit  prices  for  excavation,  class  3a;  loose  rock  up  to  20  cubic  feet. 


Project. 

Division. 

Amount. 

Contract 
yard. 

Remarks. 

Hantley,Mont 

Do 

Cu.  yds. 

14,000 

100 

100 

$0.60 
.80 
.80 

Mainranal,diviiMAn2 

Do 

Unit  pi-ices 

for  excavation,  class  3h;  loose  rock  up  to  1  cubic  yard. 

Project. 

Division. 

Amount. 

Contract 
price 

per  cubic 
yard. 

Tmckee-Carson   

Laterals  and  structures,  division  3. . . 

Cu.  yds. 

$0.50 
.60 

Do 

Laterals  and  structures,  division  4. . . 

Unoompahgre 

Do 

Cedar  Creek,  portal 

6,000 
2,000 
2,000 
13,000 
7,500 
2,000 
4,000 
5,000 
1,000 
100 

100 
100 

100 
1,000 
1,000 

.84 
.34 
.35 
.36 
.50 
.84 
.34 
.56 
.65 

.40 
.65 

.65 
.65 
.05 

Do       V      

8outh  canal,  division  2 

Do 

South  canal,  divisions  8  and  4 

South  canal,  division  5 

Do 

Do 

South  canal,  division  6 

Do 

Do 

Belle  Fonrche 

South  canal,  diviidons  7  and  8 

South  canal,  division  9 

Main  supply  canal  ...          

Hondo,  NiMex 

Do 

Inlet  canal  and  diversion  dam,  divi- 
sion 1. 

Roolcwork,  division  2    

Do 

Outlet  excavation  and  embankment, 
division  8. 

Structures,  division  6 

Do                  -     . 

Minidoka   

Diversion  channel 

Do 

Canal  and  foundation  of  spillways 
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Unit  priccH  for  rock  excavation,  clans  4;   solid  rock  requiring  drilling  and 

blasting. 


Contract 

Project. 

Diyiidon. 

Amount. 

price  per 
cubic 
yard. 

Remarks. 

Cu.yds. 

Truckee-Carson 

Laterals,  division  8;  struc- 

$1.25 

Quantities  not  stated. 
Do. 

Do 

tures. 

Carson   re«orvoir  and 
canal,  division  4. 

1.25 

Do 

Distributing  system,  divi- 
sions 1-7. 

.80 

Do. 

YtiniA,  Ariz 

La^na  dam                  

305,000 

1.80 

Belle  Fonrche 

1,000 

1.26 

Huntley                

Structures 

500 

2.00 

Hondo,  N.Mex 

Reservoir  and  canals 

30,000 

.«» 

Do 

Structures 

100 

1.60 
.95 

No  quantities  stated 
contracts. 

Unoompahgre 

South  canal,  division  1     . 

in 

Do 

South  canal,  division  2 

.96 

Do. 
Do. 

Do 

South  canal,  divisions  3 

Do 

and  4. 
South  canal,  division  5 

Do. 

Do         

South  canal,  division  6 

1.25 

Do. 

Do 

and  8. 

.95 

Do. 

Do  

.95 

Do. 

Do 

Cedar  Creek  portal  cut . . . 

25,000 

.75 

Minidoka 

Diversion  channel 

47,000 

.90 

Do 

Canal  and  foundation  of 
spillways. 

42,000 

.70 

Do 

North  canal 

105,800 

.95 

Do 

66,000 

.97 

Salt  River 

Roosevelt  dam . , , 

20,000 

1.60 

Lower  Yellowstone  .. 

Main    canal,   division  1, 
schedule  A. 

1,000 

.90 

Do 

Main  canal,   divisions   2 
and  4,  schedule  A. 

1,100 

.66 

Do 

Main  canal,    division   3, 
schedule  A. 

100 

.66 

Do 

Structures,  main  canal, 
division  1,  schedule  B. 

1,800 

.60 

Do 

Structures,  main  canal, 
division  8,  schedule  B. 

10 

.60 

Do 

Structures,  main  canal, 
division  8,  schedule  B. 

10 

.60 

Do 

Structures,   main  canal, 
division  4,  schedule  B. 

10 

1.50 

Huntley 

Main  canal,  division  1 . . . 

28,000 

1.05 

Do 

Main  canal,  division  2 

Main  canal,  division  3 

100 
100 

1.20 
.80 

Do 
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Project. 

Division.                  Amount. 

Trockee-Caraon 

1  Cu.  yds. 
Atheadworks • 

Belle  Fourche 

Lower  Yellowstone  .. 

Main  supply  canal 8,000 

Incanal 30,000 

Do 

Atheadworks                             8,400 

Do 

Incanal         ..                             20,000 

Huntley 

1 

Contract 
price 

Tper  cubic 
yard. 


$0.75 

1.50 

.30 

1.25 
.80 

.27 


Remarks. 


Excavation  for  foundation 
under  water. 


Unit  prices  for  excavation,  solid  rock  under  water  or  helow  datum,  class  4&. 


Project. 

Division. 

Amount. 

Contract 

pe?cSic                ^^^^ 
yard.    ; 

Huntley 

Salt  River  ..' 

Main  canal 

Cit.  yds. 
1,000 

$2.50 
6.00 

RnrMAVPlt  dfLTTi 

1 

{■nit  prices  for  puddling. 


Project. 


Lower  Yellowstone . 
Do 


Do 


Division. 


Main  canal,  division  1 

Main    canal,  divisions   2 
and  8. 

Main  canal,  division  4 


Huntley Structures. 


Hondo  . 


Do 

Truckee-Caraon . 
Do 


Do 

Do 
Do 
Do 


Reservoir  and  canals,  di- 
vision a 

Reservoir  and  canals 

Headworks 

Spillway 


Laterals,  etc.,  divisions  1 
and  2. 


Laterals,  division  8. 
Laterals,  division  i. 
Laterals,  division  6. 


(Contract 
Amount.  P^SIJ^' 
yard. 


Cu.  yds. 
1,000 
4,000 

2,000 
500 

1,400 

100 

1,000 

250 

460 


400 
1,000 


$0.60 
.50 

.50 
.50 

.92 

1.00 
2.00 
2.00 

2.00 

.eo 

.60 
2.00 


Remarks. 


Around  and  over  concrete 
structures. 

Selected  material  wet  to 
saturation. 

Rolled  and  tamped. 

Around  and  over  struc- 
tures. 

Selected  material  wet  to 
saturation;  rolled  and 
tamped. 
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Coat  Of  rations. 


Project. 


Month. 


Rations. 


Coflitper 
ration, 


Remarks. 


Belle  Fourche . 
Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Hondo 

Do 

Oklahoma 

Do  

La  Plata 

Do 

North  Platte . 

Klamath 

Yama 

Do 

Do 

Do 

Do 

Do 


1906. 

June 

do 

July 

do 

Augnst 

—  .do 

September. 

do 

October.... 

...-do 

April 

May 

Angost 

September 
January  ... 

April 

May ' 

September.! 

August I 

...,do 

September 

....do 

....do 

....do 


485 

769 
606 
771 
613 
584 
430 
498 
466 
416 
665 
230 
440 
419 

(?) 

(J) 

2,400 
672 
244 
216 
295 
290 
287 
45 


$0.46 
.42 
.39* 
465 
.665 
.60 
.61 
.54 
.426 
.558 
.547 
.78 
.617 
.615 
.645 
.46 
.80 
.50 
.78 
.84 
.78 
.66 
.72 

1.48 


Construction. 

Survey. 

Ci  struction. 

Survey. 

Ooncrtruction. 

Survey. 

Construction. 

Survey. 

Construction. 

Survey. 


Headquarters. 

Lagunadam. 

Headquarters. 

Survey. 

Lagunadam. 

Imperial  Valley . 


Unit  prices  for  telephone. 


Project. 

Division. 

IContract 

Amount,  price  per 

1    mile.  ' 

Remarks. 

Belle  Fourohe 

Miles. 
16 
18 

10 

1 

20 
17 
18 
16 
16 
35 
35 

$254.50 
847.60 
214.11 
214.80 
242.66 
264.50 
278.00 
295.00 
447.00 
440.00 
350.00 
217.08 
207.19 

Min.doka 

IJncompahgre 

Section  1 

Do 

8ection2 

Do 

Section  8 

Do 

Section  4 

Salt  River 

Division  1  .... 

Do 

Division2 

Do 

Division  3 

Iron  poles. 
Do 

Do 

Division  4        

Do 

Divlsion6 

Lower  Yellowstone . 

Divisionl 

Do.-w 

Division  2 
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OBSTACIiES  TO  RECI^AMATION. 

The  progress  already  made  in  carrying  out  the  terms  of  the  reclamation  act 
has  been  at  all  times  achieved  in  the  face  of  obstructions  from  physical  and 
human  agencies,  the  latter  being  perhaps  the  most  difficult  to  overcome. 

The  physical  obstacles  are  those  of  lack  of  water  supply,  defective  founda- 
tions, poor  material  for  construction,  and  soil  of  doubtful  value.  Under  no 
one  project  are  all  of  the  conditions  good.  In  some  localities  there  is  an  excellent 
reservoir  site,  but  no  water ;  in  other  places  there  is  a  good  supply  of  water, 
but  no  place  to  store  it  Again,  if  there  is  water  the  land  may  be  poor,  or  the 
canal  line  may  be  extremely  difficult  to  construct  and  dangerous  to  maintain. 
All  of  these  things,  however,  can  be  overcome  in  part  by  careful  study. 

The  human  obstacles  are  more  difficult  These  consist  of  defective  laws, 
vested  and  intangible  rights,  disinclination  to  adopt  irrigation,  and  the  general 
desire  to  give  as  little  as  possible  for  the  largest  benefits.  In  some  notably 
exceptional  cases  individuals  and  communities  have  eagerly  cooperated  with 
the  officials  charged  with  administering  the  reclamation  act  In  others  there 
has  been  apparently  a  general  feeling  among  the  people  concerned  that  money 
must  be  spent  in  their  locality  and  that  if  they  would  sit  idly  back  the  benefits 
would  be  forced  upon  them. 

In  the  truly  arid  localities,  where  men  have  in  good  faith  attempted  to 
reclaim  land  and  know  what  irrigation  actually  means,  there  has  been  little 
delay.  On  the  contrary,  in  the  subhumid  localities,  where  dry  farming  is 
usually  successful,  the  obstacles  are  great  On  the  one  hand,  there  is  a  desire 
on  the  part  of  the  townspeople  and  speculators  to  have  Government  funds 
spent  in  their  locality  in  any  kind  of  work,  no  matter  what  the  result  The 
lands  to  be  reclaimed,  however,  have,  as  a  rule,  all  been  taken  up  by  settlers 
who  are  making  a  fair  living  by  dry  farming,  and  these  ^people,  who  must 
ultimately  pay  the  cost  of  Irrigation  and  must  change  their  whole  manner  of 
living  in  order  to  practice  relatively  intensive  cultivation  of  the  ground,  are 
not  eager  to  respond  to  the  demands  of  their  fellow  citizens  to  go  into  the  recla- 
mation scheme.  Most  of  them  hold  back  and  insist  that  they  shall  know  all 
the  conditions.  Some  of  them  frankly  state  that  they  do  not  want  to  irrigate 
and  will  not  willingly  risk  the  savings  of  a  lifetime  on  this  experiment  They 
want  to  be  let  alone  and  can  not  see  why  they  should  be  annoyed  or  disturbed 
In  the  peaceful  possession  of  their  farms  in  order  to  try  what  to  them  seems  a 
rash  experiment. 

The  amount  of  land  In  these  States  which  can  be  irrigated  on  any  consider- 
able scale  is  very  small,  in  most  States  less  than  1  per  cent  of  the  area. 
The  land  is  now  all  In  the  hands  of  a  few  persons,  and  unless  these  owners  are 
willing  to  cooperate,  to  risk  their  property-  and  to  work  hard  in  the  future,  it  is 
Impossible  to  begin  the  construction  of  works  under  the  terms  of  the  recla- 
mation act  The  lands  are  practically  monopolized,  and  the  direct  benefits  can 
be  had  only  by  these  few  landowners. 

SAFETY  OF  THE  RECIjAMATION  FUKB. 

The  question  which  Is  always  in  the  minds  of  those  who  are  connected  with 
the  administration  of  the  reclamation  act  is  that  of  the  future  return  of  the 
investment  Every  possible  effort  has  been  made  to  guard  the  investment,  and 
exi)erience  is  demonstrating  the  fact  that  the  greatest  possible  skill  and  fore- 
thought must  be  used.  Predictions  have  freely  been  made  that  after  the  fund 
is  once  invested  it  will  not  be  possible  to  get  back  more  than  a  small  portion  of 
it,  and  that  the  farmers  on  the  reclaimed  lands  will  seek  relief. 
H.  Doa  86, 59-1 6 
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It  has  been  pointed  out  again  and  again  that  relatlTely  few  persons  succeed 
at  first  on  newly  irrigated  lands,  and  that  under  any  large  development  scheme 
there  has  been  a  constant  shifting  of  population  during  the  first  few  years. 
Failures  and  removals  may  be  expected,  and  it  Is  not  believed  that  under  the 
Government  projects  the  first  settlers  will  all  be  good  farmers  or  will  succeed 
in  making  their  payments.  The  law,  however,  is  liberal  in  this  matter,  and  the 
advanced  value  of  the  land  due  to  the  increase  of  population  will  unquestionably 
permit  the  unsuccessful  man  to  disi>ose  of  his  holdings  at  a  profit  to  some  one 
better  suited  to  cope  with  the  conditions. 

In  view  of  the  many  dangers  and  uncertainties  the  attempt  has  been  made  to 
draw  up  the  contracts  with  the  water  users'  associations  and  with  the  people 
in  such  form  that  their  terms  can  be  enforced  in  the  proper  spirit  and  at  Uie 
same  time  to  protect  the  reclamation  fund  from  being  diminished. 

The  demand  for  the  completion  of  other  projects  will  also  act  as  a  spur  in  the 
administration  of  this  part  of  the  law,  and  it  is  reasonable  to  expect  that  the 
public  in  general  will  see  to  the  proper  enforcement  of  the  provisions  regarding 
repayment  of  the  fund. 

QUARTBBL.Y  B8TIMATSS. 

As  the  developments  under  the  operations  of  the  reclamation  act  have  been 
very  rapid  and  the  conditions  have  changed  quickly  from  time  to  time,  it  has 
been  deemed  wise  to  make  the  estimates  and  secure  the  approval  of  the  Secre- 
tary at  shorter  periods  than  is  customary  in  other  Government  work,  and  the 
three-months  period  or  quarter  of  a  year  has  therefore  been  adopted  as  the 
time  unit  Toward  the  end  of  each  quarter  the  responsible  engineers  in  the  field 
have  been  called  upon  for  estimates  as  to  the  amount  already  expended  to  the 
end  of  the  last  quarter,  the  amount  being  expended*  in  the  current  quarter,  and 
the  sums  which  will  be  needed  during  the  next  quarter,  the  figures  being  accom- 
panied by  brief  statements  as  to  the  character  of  work  performed,  in  hand,  and 
proposed  in  the  near  future.  These  quarterly  estimates  are  assembled  in  the 
Washington  oflice  as  soon  as  possible  after  the  15th  days  of  March,  June,  Sep- 
tember, and  December.  After  examination  and  approval  by  the  chief  engineer 
they  are  forwarded,  in  a  manuscript  report  of  100  or  more  pages,  to  the  De- 
partment for  approval.  The  approved  estimates  form  the  basis  for  operations 
during  the  succeeding  quarter  and  enable  a  frequent  consideration  to  be  made 
of  the  entire  plan  of  work. 

In  order  to  illustrate  the  rapid  growth  which  has  taken  place  during  these 
quarterly  periods,  the  following  table  is  given  of  the  expenditures,  by  quarters, 
since  the  initiation  of  the  work : 
Quarter  ended — 

(1)  September  30,   1902 1 $20,700.24 

(2)  December  31,  1902 79,693.78 

(3)  March  31,  1903 83,065.15 

(4)  June  30,  1903 102,981.04 

(5)  September  30,  1903 224,595.29 

(6)  December  31,  1903 . 248,695.82 

(7)  March  31,  1904 340,226.03 

(8)  June  30,  1904 647,787.87 

(9)  September  30.  1904 761,701.09 

(10)  December  31,  1904 973,067.68 

(11)  March  31,  1905 834,377.88 

.  (12)  June  30,  1905 - 1,146.377.04 

(13)  September  30,  1905 1,419,605.67 

Total  , 6,881,874.53 
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In  preparing  the  quarterly  estimates  tlie  supervising  engineers,  or  the  district 
and  constructing  engineers  under  tbem,  are  called  upon  for  a  brief  statement 
of  the  location  of  the  work  and  past  operations ;  also,  for  a  paragraph  or  more 
as  to  present  conditions,  and  next  a  statement  as  to  future  operations.  In 
preparing  the  flgures  for  the  estimates,  consideration  is  first  had  of  the  amount 
originally  allotted  for  the  work,  based  upon  the  engineers*  preliminary  esti- 
mates. From  this  amount  is  deducted  the  amount  already  expended  and  a 
brief  table  is  given  of  the  liabilities  in  the  form  of  large  contracts  partly  exe- 
cuted. The  balance  thus  obtained  shows  the  amount  of  money  expendable  in 
the  future  but  for  which  no  legal  obligations  have  been  incurred.  The  esti- 
mates for  the  next  quarter  thus  start  with  a  full  knowledge  of  the  principal 
facts  as  to  expenditures  made  and  balances  available. 

BUSIKE88  METHODS. 
OENRRAL  DISCUSSION. 

One  of  the  matters  of  prime  importance  after  the  inauguration  of  surveys, 
examinations,  and  construotion,  has  been  to  devise  and  put  in  practice  modem 
business  methods  as  far  as  these  are  applicable  to  governmental  affairs.  Ex- 
perience has  shown  that  this  is  not  by  any  means  an  easy  matter.  It  is  impos- 
sfble  for  the  oflftcers  of  the  Government  to  transact  public  business  with  the  same 
speed  and  economy  with  which  they  conduct  their  private  affairs.  Ck)ngress 
has  passed  many  general  laws  directing  how  one  detail  or  another  of  the. busi- 
ness of  the  Government  shall  be  transacted.  Many  of  these  laws  are  very  old ; 
otliers  have  been  passed  without  full  consideration  of  the  laws  then  existing, 
and  there  are  many  instances  of  apparent  contradiction. 

The  Reclamation  Service  has  been  injected  into  a  great  mass  of  governmental 
machinery  as  a  new  organization,  under  a  new  and  unique  law,  with  personnel 
more  or  less  new  to  the  work  and  to  each  other,  and  with  the  strong  desire  of 
njew  men  to  accomplish  results.  In  this  desire  the  employees  have  been  spurred 
by  the  reiterated  desire  of  public  men  and  of  citizens  in  general  to  show  results 
at  the  earliest  possible  date.  The  business  methods,  therefore,  have  of  neces- 
sity been  established  "  in  the  saddle."  It  has  not  been  possible  to  sit  down 
quietly  and  devise  an  ideal  way  of  doing  things;  on  the  contrary,  it  has  been 
necessary  to  plan  a  system  in  the  midst  of  the  turmoil  of  creating  the  service, 
of  starting  surveys,  of  checking  plans,  and  above  all  of  pushing  energetically 
every  detail  throughout  the  least  settled  part  of  the  United  States,  at  localities 
hundreds  of  miles  apart  In  spite  of  this  handicap,  the  business  methods  now 
in  effect  are  believed  to  be  fairly  simple  and  expeditious.  Daily  care  is,  how- 
ever, given  to  perfecting  the  details. 

BOOKKEEPING. 

The  system  of  bookkeeping  adopted  for  the  Reclamation  Service  is  satisfac- 
tory and  embodies  only  such  departures  from  the  ordinary  mettiods  as  the 
peculiar  needs  of  the  service  require. 

COST  KEEPING. 

As  construction  has  advanced  on  various  projects  more  and  more  attention 
has  been  given  to  perfecting  some  thorough  system  of  cost  keeping.  This  is 
entirely  distinct  In  Its  methods  and  results  from  what  is  ordinarily  termed 
"bookkeeping,"  and,  although  frequently  confused  with  the  latter,  it  should  be 
k^  entirely  distinct    The  bookkeeper  has  to  do  with  expenditures  and  with 
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the  correct  recording  of  liabilities  in  such  form  as  to  give  from  day  to  day  the 
essential  facts.  The  man  who  Is  keeping  costs,  however,  mast  have  not  merely 
the  principal  results  obtained  by  the  bookkeeper,  but  he  must  have  a  thorough 
knowledge  of  the  operations  performed  and  the  conditions  under  which  the 
work  was  done. 

The  object  to  be  attained  by  cost  keeping  is  not  simply  to  know  what  was 
paid  for  a  given  piece  of  work ;  the  contract  price  Is  usually  sufficient  for  this. 
If  a  contractor  has  been  paid  14  cents  for  moving  so  many  thousand  yards  of 
earth,  this,  In  popular  opinion,  may  be  considered  the  cost  of  the  work.  It  is, 
however,  far  from  the  fact ;  the  actual  cost  may  have  been  more  or  less.  Noth- 
ing is  more  fallacious  than  to  argue  that  because  certain  contracts  have  been 
let  for  a  certain  amount  per  yard  other  contracts  should  be  entered  into  for  a 
similar  amount  It  Is  of  prime  importance  to  know  not  merely  what  the  Gov- 
ernment has  paid  or  is  paying  for  certain  work,  but  to  have  clearly  analyzed 
the  actual  expenditures  by  the  contractor  in  accomplishing  a  certain  piece  of 
work  under  certain  conditions.  This  Information,  to  be  of  value,  can  not  be 
obtained  by  simply  taking  the  total  expenditures  at  the  end  of  the  job  and 
dividing  it  by  the  number  of  yards  of  dirt  removed.  There  must  be  a  dally 
record  of  conditions  and  an  analysis  of  these,  taking  into  account  the  labor  and 
materials,  the  Investment,  the  delays,  cost  of  transportation,  and  a  large  number 
of  other  Important  factors. 

When  the  construction  work  of  the  Reclamation  Service  was  begun,  one  of  the 
first  difficulties  encountered  was  to  obtain  figures  showing  accurately  the  actual 
cost  of  various  kinds  of  work.  It  was  possible  to  obtain  general  statements 
that  this  or  that  work  has  been  done  for  so  much  money ;  but  these  statements 
had  little  or  no  value,  because  little  was  known  of  the  cost  of  labor,  subsistence, 
transportation,  and  the  amount  of  delays  incident  to  labor  troubles,  fioods,  and 
other  causes.  It  was  early  seen  that  the  accuracy  of  future  estimates  rested 
upon  the  obtaining  of  correct  figures  of  costs  under  the  new  conditions  pre- 
vailing In  the  West,  and  special  efforts  were  therefore  given  to  Initiating  the 
most  modem  method  of  cost  keeping. 

Experience  has  shown  that  an  exceptionally  high  class  of  man,  both  as  an 
engineer  and  business  man^  Is  required  In  successful  cost  keeping  on  this  work. 
The  ordinary  engineer  does  not  have  a  sufficiently  analytical  mind  to  grasp  all 
the  details,  and  the  successful  man  at  cost  keeping  is  usually  found  to  be  the 
brightest  man  and  the  most  difficult  to  keep,  as  Individuals  and  corporations 
are  continually  trying  to  entice  him  away,  because  of  his  knowledge  of  actual 
costs  of  various  classes  of  work  and  of  the  ways  in  which  economies  can  be 
successfully  introduced.  A  successful  system  of  cost  keeping  must  Include  a 
minute  and  daily  study  of  every  operation,  of  the  arrangement  of  men,  of  their 
supervision,  and  of  the  infinite  number  of  details  which  escape  the  notice  of  the 
ordinary  foreman  or  superintendent  This  close  analysis  leads  to  the  ability 
to  point  out  where  money  Is  being  lost  by  inefficient  organization  or  machinery, 
and  In  many  Instances  the  Government  Inspectors  on  the  work  under  construc- 
tion have  saved  contractors  from  great  losses  by  telling  them  plainly  that  their 
methods  or  their  foremen  were  Inefficient  and  pointing  out  the  reason,  as  shown 
by  dally  records  and  observations.  Instances  might  be  multiplied  where  of 
two  subcontractors  working  side  by  side  and  under  the  same  conditions  one 
would  be  losing  money  without  knowing  It  and  the  other  making  a  profit 
although  the  teams  and  men  might  be  working  the  same  hours  and  with  about 
the  same  energy.  One  man  has  been  handling  the  material  Ineffectively  with 
poor  tools ;  the  other  has  been  making  every  stroke  count 
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One  of  the  fnndamental  questions  which  has  received  careful  consideration 
by  the  engineers  of  the  Reclamation  Service  is  whether  irrigation  works  can  be 
coDStmcted  as  economically  by  the  Government  as  by  private  parties.  Between 
these  two  methods  of  performing  such  work  there  are  certain  dlflCerences  which 
are  inevitable.  Upon  the  whole,  however,  it  is  believed  that  the  ultimate  cost 
of  the  works  constructed  by  the  Reclamation  Service  will  compare  favorably 
with  that  of  works  built  by  private  capital. 

One  essentia]  particular  in  which  the  work  of  the  Reclamation  Service  differs 
from  similar  operations  conducted  by  private  parties  is  that  the  former  must 
be  constructed  from  the  beginning  with  due  regard  to  permanence,  whereas 
private  parties,  having  small  funds  available,  usually  build  in  the  first  place 
temporary  structures  of  wood,  to  be  replaced  later  on  when  the  Increase  of  land 
values  Justifies,  by  works  of  steel  or  concrete.  While,  therefore,  the  first  cost  of 
the  works  constructed  by  the  Government  will  be  found  notably  greater  than 
that  of  works  constructed  by  private  enterprise,  allowance  should  be  made  for 
the  fact  that  the  former  embraces  a  permanent  structure,  while  the  latter 
usually  covers  a  work  of  temporary  character. 


Digitized  by  VjOOQ IC 


OPERATIONS  IN  ARIZONA. 

By  Louis  C.  Bill, 

SAIiT  RIVER  PROJECT. 

GENERAL  STATEMENT. 

Ob  tlie  Salt  River  project,  which  was  originally  aelected  as  the  most  feasible, 
work  was  commenced  in  October,  1002,  by  G.  B.  Olberg,  with  surveys  for  a 
IM>wer  canal.  Cadastral  surveys  of  the  lands  in  Salt  River  Valley,  begun  in 
1902  by  Mr.  Robert  Muldrow,  were  completed  later  by  Mr.  R.  W.  Hawley. 
These  surveys  have  since  been  extended,  and  maps  covering  most  of  the  woric 
have  been  published. 

Prelhninary  construction  work  was  begun  in  the  summer  of  1903,  but  owing 
to  various  causes  no  contracts  were  let  until  the  following  spring,  when  con- 
struction work  on  both  the  power  canal  and  the  cement  mill  was  begun. 

Very  high  floods  in  the  summer  of  1904  delayed  all  work,  and  during  the  flrst 
four  months  of  1905  floods  greater  than  those  of  any  year  since  1891,  and  far 
longer  in  duration,  practically  suspended  all  operations.  All  the  railroad 
bridges  over  the  Salt  and  Gila  rivers  save  one  were  washed  out  from  one  to  ten 
times,  and  the  road  from  Mesa  to  Roosevelt,  over  which  supplies  must  be 
hauled,  was  under  water  at  frequent  intervals.  Part  of  the  time  food  and  sup- 
plies were  packed  in  on  burros. 

No  potable  water  being  available  near  the  Roosevelt  dam,  it  was  necessary  to 
pipe  water  3  miles  from  springs  in  Cottonwood  Canyon  to  two  reservoirs,  one  of 
40,000  and  one  of  20,000  gallons  capacity. 

A  septic  tank  sewage  system  has  been  in  operation  for  nearly  a  year.  The 
Government  physician.  Doctor  Palmer,  has  been  made  health  officer,  with  abso- 
lute power  over  all  camps  in  this  valley.  No  cases  of  typhoid  fever  have  de- 
veloped here  in  a  year,  and  the  health  of  the  entire  community  has  been  remark- 
ably good. 

The  extreme  heat  of  the  past  summer,  lasting  almost  uninterruptedly  from 
June  1  to  October  1,  caused  many  of  the  men  employed  in  the  office  to  break 
down.  Men  in  the  fleld,  although  exposed  to  the  direct  rays  of  the  sun,  do  not 
seem  to  suffer  in  health  to  the  same  extent 

Most  of  the  land  within  the  flood  lines  of  the  reservoir  has  been  purchased, 
but  about  15  per  cent  will  probably  have  to  be  condemned  on  account  of  bad 
title  or  excessive  price. 

POWER  CANAL. 

In  September,  1908,  final  location  surveys  of  the  power  canal  were  com- 
menced, the  work  on  the  upper  half  of  the  canal  being  placed  under  the  imme- 
diate charge  of  O.  T.  Reedy  and  the  lower  portion  under  A.  M.  Sprigg.  The 
canal  is  nearly  19  miles  long,  and  will  have  a  capacity  of  200  second-feet  The 
water  will  be  carried  above  the  reservoir  to  a  point  below  the  dam,  and  there 
64 
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discharged  through  turbine  wheels  under  an  available  head  of  220  feet,  develop- 
ing 4,400  gross  horsepower.  The  power  obtained  is  to  be  used  in  the  construc- 
tion of  the  dam  and  in  pumping  water  for  irrigation  in  the  Salt  River  Valley. 

A  contract  was  entered  into  on  March  18,  1904,  with  Robert  Sherer  &  Co., 
for  schedule  1  of  the  power  canal,  and  with  John  Tuttle,  on  March  23,  1904, 
for  schedule  2.  Active  operations  began  in  April,  1904.  These  schedules  cover 
ttie  excavation  of  about  600,000  cubic  yards  of  material  and  the  driving  of  nearly 
9,000  feet  of  tunnel. 

The  work  has  been  heavy,  and  a  great  amount  of  cross  drainage  has  to  be 
handled  by  large  culverts  and  conduits.  It  was  necessary  to  cross  two  wide 
and  deep  canyons  with  the  powet*  canal,  and  it  was  finally  decided  to  use  two 
lines  of  reenforced  concrete  pipe,  5  feet  3  inches  in  diameter,  to  carry  the  water 
under  these  canyona  The  total  length  of  pipe  necessary  is  0,000  feet,  and 
some  of  it  must  operate  under  a  head  of  85  feet.  This  pipe  is  being  built  with 
a  machine  designed  l^  Mr.  P.  Tetchman,  which  has  proved  most  satisfactory. 
From  100  to  150  feet  a  day  can  be  built  under  good  conditions.  The  pipe  has  a 
longitudinal  and  circumferential  reenforcement  of  five-eights-inch  rods  spaced 
at  suitable  intervals  to  resist  the  pressure.     (See  PI.  IV,  .4.) 

The  head  works  of  the  power  canal  consist  of  a  concrete  diversion  dam,  with 
sluicing  gates,  and  an  intake  tunnel  with  regulating  gates.  The  intake  tunnel 
and  gates  and  that  portion  of  the  dam  containing  the  sluicing  gates  are  finished. 
These  structures  were  designed  by  Mr.  A.  L.  Harris. 

To  carry  the  water  from  the  power  canal  to  the  water  wheels  an  inclined 
penstock  tunnel  620  feet  long  has  been  driven  from  the  power  house  to  the 
canal.  The  lower  portion  of  the  tutmel  is  lined  with  steel  backed  with  con- 
crete, and  the  upper  portion  Is  lined  with  concrete.  Gates  at  the  head  of  the 
penstock  and  overflow  weirs  enable  the  discharge  to  be  controlled  without 
endangering  the  canal. 

Views  along  the  power  canal  are  shown  on  Pis.  IV,  B,  and  V,  and  detailed 
plans  are  given  on  PI.  VI. 

SAND-CRUSHING  PLANT. 

After  numerous  experiments  had  been  made  to  test  the  strength  of  cement 
mortars  made  with  sand  from  various  banks  near  the  dam  and  with  sand  made 
by  crushing  dolomite  limestone  the  superior  strength  of  mortar  made  from  the 
latter  material  became  so  apparent  that  it  was  decided  to  open  a  quarry  and  put 
In  a  sand-crushing  plant.  Accordingly  plans  were  drawn  and  specifications 
made  for  a  plant  capable  of  producing  in  eight  hours  60  yards  of  sand  so 
crushed  that  it  all  will  pass  a  one-fourth-inch  mesh  screen. 

The  bid  of  the  Mine  and  Smelter  Supply  CJompany,  of  El  Paso,  Tex.,  amount- 
ing to  $5,531.81,  was  accepted,  and  on  June  28,  1905,  the  contract  was  signed. 

The  machinery  Is  all  on  the  ground,  the  foundations  are  built,  and  work  on 
the  building  is  nearly  completed.  This  plant  will  be  run  by  the  150-kllowatt 
generator  that  now  furnishes  power  to  the  cement  mill.  The  plant  has  been  so 
designed  that  it  will  require  but  one  man  to  operate  it 

CEMENT  MILL. 

The  machinery  for  the  cement  mill  has  been  installed  and  the  works  were 
ready  to  start  the  manufacture  of  cement  by  March,  1905.    Storms,  however. 


Digitized  by  VjOOQ IC 


66 


FOUBTH   ANNUAL  BEPOBT   OF   BECLAMATION   SERVICE. 


prevented  the  delivery  of  fuel  oil  until  the  middle  of  April.  The  kiln  was 
started  on  April  21,  and  since  that  date  all  the  cement  used  for  culverts,  for 
pipe,  and  for  lining  the  power  canal  has  been  made  by  the  government  mill  at  a 
considerable  saving  in  cost,  and  with  satisfactory  results. 

About  19,000  barrels  of  cement  have  been  made  and  used  in  this  way  by  oper- 
ating the  mill  with  electric  power  produced  by  a  generator  driven  by  a  steam 
engine — a  temporary  expedient  adopted  until  the  power  canal  could  be  com- 
pleted, when  the  power  will  be  produced  by  a  generator  driven  by  a  water 
wheel,  at  a  nominal  cost  Then  the  output  of  the  cement  plant  will  be  Increased* 
to  its  full  capacity — ^350  barrels  daily. 

The  cement  works  are  located  on  a  hillside,  where  the  limestone  deposit  is 
found.  The  site  is  2,500  feet  upstream  from  the  dam  site,  and  the  lowest  floor 
is  300  feet  above  the  present  level  of  Salt  River  and  about  30  feet  above  th^ 
high- water  line  of  the  reservoir,  thus  being  free  from  danger  of  flooding. 

The  mill  building  covers  an  area  of  150  feet  square  and  is  built  in  terraces 
similar  to  those  of  stamp  mills,  the  lowest  floor  being  60  feet  below  the  highest. 
The  building  is  built  of  structural  iron  trusses,  supported  by  wooden  columns, 
and  the  galvanized  corrugated-iron  roofing  is  laid  on  wood  purlins.  On  the 
highest  terrace  are  bins  for  the  storage  of  limestone  and  clay,  into  which  those 
materials  are  dumped  from  cars  hoisted  by  electric-driven  hoisting  drums. 
From  the  rock  bin  the  limestone  is  delivered  to  a  No.  4  Gates  crusher,  which 
spouts  the  crushed  rock  to  a  Smldth  automatic  feeder  that  regulates  the  feed  to 
a  rotary  drier  below.  From  the  drier  the  limestone  is  elevated  to  a  storage 
bin  above  a  ball  mill ;  from  the  ball  mill  the  crushed,  dried,  and  ground  rock  is 
delivered  to  a  bin.  The  clay  goes  through  a  similar  process  and  is  stored  in  a 
bin  alongside  the  ground-rock  bin.  The  materials  are  mixed  at  this  point  and 
conveyed  to  a  pebble  mill,  and  from  that  mill  to  a  reenforced  concrete  storage 
bin  in  the  rear  of  the  kilns.  Automatic  feeders  deliver  the  raw  mixture  from 
the  storage  bin  to  rotary  kilns,  where  it  is  burned  to  a  semivitrlfied  condition 
called  clinker.  The  clinker  Is  delivered  by  the  kilns  to  a  rotary  cooler,  and  this 
cools  and  conveys  it  to  a  bucket  elevator  that  spouts  it  into  a  vertical  tower  for 
storage,  preparatory  to  grinding  in  ball  and  pebble  mills.  After  grinding,  an 
elevator  delivers  the  ciement  to  a  troughed  belt  conveyer  that  conveys  it  to  any 
of  a  numl)er  of  storage  bins  located  from  50  to  100  feet  away.  Some  of  the 
machinery  in  the  cement  plant  is  shown  on  PI.  VII. 

Approximately  three  parts  of  limestone  are  mixed  with  one  of  clay  in  making 
cement.  The  limestone  Is  quarried  within  a  few  hundred  feet  of  the  mill  and 
the  clay  used  is  hauled  a  mile  and  a  half.  Mr.  H.  A.  Toblemau,  chemist  at  the 
mill,  gives  the  approximate  composition  of  the  materials,  as  follows : 


Analyses  of  cement^making  material  and  cement  made  at  Salt  River  project,' 

Arizona. 

[Ver  cent.] 
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Concrete  Lining 
Minimum  thickness  /' 
^Average  thickness  2  ' 
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SCALE  OF  FEE 
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limliinf I L, 


Concrete  Lining 
(Minimum  thickness  /' 
Average  thickness  2' 
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Mr.  J.  Y.  Jewett,  cement  expert,  made  the  following  report  on  a  fair  sample 
of  the  cement ;  Soundness,  O.  K. ;  fineness,  95  per  cent  passing  No.  100  sieve 
and  70  per  cent  passing  No.  200  sieve ;  initial  setting  time,  7i  hours ;  final  setting 
time,  12  hours :  average  of  three  tensile  tests  neat  cement  briquettes,  in  7  days 
510  pounds  and  in  28  days  561  pounds;  average  of  tests  of  three  briquettes 
made  of  1  sand  to  3  cement,  7  days  264  pounds  and  28  days  341  pounds. 

The  laboratory  tests  of  the  cement  have  demonstrated  the  superior  quality 
of  the  raw  and  finished  materials,  and  the  use  of  the  cement  in  the  construction 
of  the  power  canal  during  the  last  six  months  has  enabled  the  engineers  to 
observe  with  satisfaction  the  action  of  the  cement  in  actual  use. 

The  fuel  used  to  burn  the  cement  is  California  crude  petroleum.  Eleven 
gallons  are  required  to  bum  a  barrel  of  cement  The  contract  for  this  oil  was 
let  to  C.  R.  Eager  &  CJo.,  of  Los  Angeles,  at  a  price  of  $3.48  per  barrel  delivered 
at  the  cement  mill,  in  quantities  of  3,000  barrels  monthly.  The  oil  is  hauled 
by  rail  from  California  to  Mesa,  Ariz.,  thence  by  traction  engine  24  miles  and  by 
mule  teams  37  miles  to  Roosevelt 

Bids  for  fuel  oil,  8alt  River  project 


Address. 

Oil,  per  barrel. 

Roosevelt. 

Hauling, 

Globeto 

Roosevelt, 

Name. 

Price. 

Delivered  at— 

1^ 

"4 

1 

1^ 

1 

O.  S.  Stapley  & 

Mesa,  Ariz 

$2.69 

$15.00 

Co. 
Anociated   Oil 

San    Francisco, 
Cal. 

do 

$0.25 

OUCity 

$1.86 

$4.86 
4.40 

Co. 
EdvardMalley. 

8.22 
2.24i 

18.60 
16.00 

JohnTnttle  .... 

Union  Oil  Co  ... 

Los  Angeles,  Cal. 

San     Francisco, 
Cal. 

Oakland,  Cal  .".. 
Globe,  Ariz 

.199 
.25 

.27i 

Bakersfleld.. 

Wm.  8.  Miller... 

Walt,    Kern 
County. 

East  construc- 
tion   spur. 
Kern    oil 
fields. 

E.  B.  &  A.  L. 

2.49 

18.00 

Stone  Co. 
Old    Dominion 

$2.4;^ 

• 

$18.00 

Com.  Co. 
C.  R.  Eager  & 

Los  Angeles, Cal. 

San     Francisco, 
CaL 

Temi>e,  Ariz- 

3.48 

2.26 

2.24i 
al8.80 

14.40 
17.00 
18.60 

Co. 
Ed  Cox 

Wolf  Sachs 

J 

' 

a  Per  ton. 
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ROOSEVELT  DAM.a 

This  dam  will  be  located  in  .the  canyon  of  Salt  River,  Just  below  the  mouth  of 
Tonto  Creek,  and  will  impound  about  1300,000  acre-feet  of  water.  Two  spill- 
wayR,  each  about  200  feet  long,  carry  the  flood  waters  around  the  dam.  A 
roadway  is  carried  over  the  dam,  crossing  the  spillways  on  concrete  steel-arch 
bridges.    The  general  dimensions  of  the  dam  are  as  follows : 

Dimensions  of  Roosevelt  danu 

Feet. 

Height  of  spillway  above  datum,  or  mean  low  water 220 

Height  of  roadway  above  datum,  or  mean  low  water 240 

Total  height  of  the  dam  from  lowest  point  of  foundation  to  top  of  parapet, 

about 280 

r^ngth  of  dam  at  datum 210 

Width  of  roadway IG 

Width  at  base,  about 170 

Masonry  to  be  used  in  structure,  about  340,000  cubic  yards. 

The  specifications  require  the  building  of  a  masonry  dam  constructed  of 
broken  range  cyclopean  rubble  laid  so  as  to  break  Joints  and  thoroughly  bonded 
in  all  directions.  The  stone  will  be  quarried  from  the  walls  on  each  side  of  the 
canyon  and  from  the  spillways  and  will  be  laid  in  cement  mortar.  That  for 
the  upstream  face  will  be  selected  so  as  to  lie  with  horizontal  beds  and  vertical 
Joints  in  Portland  cement  mortar,  composed  of  one  part  Portland  cement  and 
two  parts  sand. 

It  is  contemplated  that  the  work  shall  be  carried  on  continuously  day  and 
night  until  the  dam  has  reached  the  height  of  150  feet.  The  electricity  for 
lighting  will  be  furnished  free  by  the  United  States,  and  power  will  be  fur- 
nished the  contractor  at  a  low  rate  from  the  temporary  power  plant 

The  dam  is  built  on  a  curve  having  a  radius  of  about  400  feet  This  dam 
will  back  the  water  up  Salt  River  about  16  miles  and  up  the  Tonto  nearly  as 
far.  It  will  produce  a  lake  somewhat  over  25  miles  long  and  from  1  to  2  miles 
wide.  The  reservoir  will,  have  a  capacity  greater  than  that  of  any  other 
artificial  reservoir  In  the  world. 

The  general  specifications  for  the  construction  of  this  dam  are  similar  to 
those  provided,  for  other  work.  The  detail  specifications  were  printed  in  full 
in  the  Third  Annual  Report  of  the  Reclamation  Service,  pages  147  to  151. 

•  See  PI.  IX,  Ttiird  Annual  Report  Reclamation  Service,  2d  edition. 
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Time. 

Exoayation  for  foundation. 

Bidden. 

CUss 
cubic 

1,60.000 
yards. 

Amount. 

Glass  8. 6,000 
cubic  yards. 

Glass  8, 80,000 
cubic  yards. 

Price 
yard. 

Price 
per 
yard. 

Amount. 

Price 
per 
yard. 

Amount. 

J6km  M.  O'Bourke  A  Co., 
Gtailyestoii,  Tex. 

Syears 

$1.75 

$87,500 

16.00 

$80,000 

81.80 

$80,000 

Broderiok  A  Ward,  St.  Lonte, 
Mo. 

17  months.... 

a. 96 

46,000 

8.60 

»,000 

8.75 

66,000 

Qeddls  A  Seerie  Stone  Oo., 
Denyer,  Colo. 

88  months.... 

8.00 

100,000 

4.00 

84.000 

1.00 

80,000 

Bdward  MaUey  A  Oo.,  San 
Fnuudaoo,  Gal. 

86  months.... 

8.60 

186,000 

7.00 

48,000 

8.00 

60,000 

Oarl  Leonardt,  Loe  Angeles, 
Gal. 

83  months.... 

8.80 

115,000 

1.60 

8,060 

1.60 

80,000 

Kaaon  Hoge  Ck>.,  Frankfort, 
Ky. 

HaoArthnr    Brothers    Co., 
Chicago,  m. 

8  years 

1.66 

88,600 

8.60 

15,000 

8.00 

68,000 

88  months.... 

1.75 

97.600 

aeo 

81,000 

8.60 

60,000 

Orffflths  A  McDermott,  Chi- 
cago, 111. 

80  months.... 

8.85 

118,800 

4.00 

84,000 

8.00 

40,000 

Deeks  A  Deeks,  St.  Paal> 
Minn. 

8*  y«»s 

4.00 

800,000 

8.00 

48,000 

1.86 

85,000 

B.  B.  A  A.  L.  Stone  Co.,  Oak- 
Und,  Cal. 

40  months.... 

6.00 

880,000 

10.00 

60,000 

8.00 

40,000 

Hosier  De  Graff  Contract- 
ing Go.,  Boffak),  N.  T. 

8  years  « 
months. 

8.60 

186,000 

a60 

81,000 

1.80 

80.000 

Winters-Parsons  A  Boomer, 
Spokane,  Wash. 

«♦  ye»s 

5.40 

870,000 

8.00 

48,000 

1.86 

25,000 

San  Francisco,  Gal. 

85  months.... 

8.60 

186,000 

6.00 

80,000 

8.00 

60,000 

Johnson-Sherman  Constmc- 
tion  Co.,  Oklahoma  City, 
Okla. 

87  months.... 

.75 

87,600 

6.60 

88,000 

a40 

68,000 

Bentley-TntUeA  PeltonCo., 
'  San  Francisco,  Cal. 

88m<mths.... 

a70 

185,000 

7.60 

45,000 

4.16 

88.000 

Pendernst  A  Clarkson,  Chi- 
cago, Hi. 

TOOdsys 

8.85 

148,600 

7.00 

48,000 

8.85 

47,000 

Farls-Kels  Oonstmotion  Co. 
(Limited),  Boise,  Idaho. 

8  years 

&85 

107,600 

5.85 

81.600 

8.60 

60,000 

The  American  Coastniction 
Co.,  Denver,  Colo. 

8  years*  oon- 
tinnous 
work. 

L60 

75,000 

&00 

18,000 

8.60 

60,000 

B.  M.  Zadeok  Co.,  Chicago, 

m. 

8  years  6 
months. 

7.80 

875,000 

8.88 

40,800 

8.00 

40,000 

B.  H.  Hood  Co.,  New  York, 

81,000  work- 
ing hours. 

8.00 

N.  Y.a 

Bentley-T^ttie  A  Fslton  Co., 
San  Frandsqo,  Gal.a 

88  months.... 

a70 

185,000 

7.60 

46,000 

i.16 

88,000 

Barren    Construction    Co., 
Oakland,  OaLa 

8y«« 

aoo 

160,000 

6.00 

81,880 

8.00 

40,000 

alnlormal. 
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Bids  for  construction  of  Roosevelt  dam — Continued. 


Time. 

Masonry. 

Bidders. 

Dam,  800,000 
cubic  yurds. 

Coping.  400 
cuuo  yards. 

Wing  walls,  6,000 
cubic  yards. 

Price 
yard. 

Amount. 

Price 

Amount. 

Price 
per 
yard. 

lAmount. 

John  M.  O^Boorke  A  Co., 
Oalyestoii,  Tex. 

8  years 

18.15 

1945,000 

$80.00 

16,000 

$4.75 

$88,500 

Broderick  &  Ward,  St.  Louis, 
Mo. 

17  months.... 

&10 

880,000 

15.00 

6,000 

15.00 

90,000 

Qeddls  A  Seerie  Stone  Co., 
Denver,  Colo. 

38  months.... 

&85 

1,006,000 

10.00 

4,000 

4.00 

84,000 

Edward  MaUey  A  Co.,  San 
Fianoisco,  Cat 

86  months.... 

&8ft 

075,000 

8.00 

8,800 

8.00 

18,000 

Carl  Leonardt,  Los  Angeles, 
Cal. 

88  months.... 

8.45 

1,066,000 

84.00 

0,600 

8.45 

80,700 

Mason  Hoge  Co.,  Frankfort, 
Ky. 

8  years 

&40 

1,047,000 

6.86 

8,500 

4.18 

84,780 

MacArthnr    Brothers    Co., 
Chicago,  ni. 

38  months.... 

8.70 

1,UO,000 

80.00 

8,000 

7.00 

48,000 

Griffiths  A  McDermott,  Chi- 
cago, Bl. 

80|  months.... 

8.80  1  1.140.000 

6.60 

8,600 

a86 

19,500 

Deeks  A  Deeks,  St.  Paul, 
Minn. 

2*  years 

&60 

1.060,000 

10.00 

4,000 

4.00 

84,000 

B.  B.  A  A.  L.  Stone  Co.,  Oak- 
land, Cal. 

40  months.... 

3.86 

075,000 

80.00 

18,000 

7.60 

45,000 

Mosier  De  Graff  Contract- 
ing Co.,  Buffalo,  N.  Y. 

8  years  0 
months. 

8.86 

1,155,000 

86.00 

10,000 

a86 

88,100 

Winters-Parsons  A  Boomer, 
Spokane,  Wash. 

84  years 

8.60 

1,060,000 

10.00 

4,000 

4.00 

84,000 

San  Frandsoo  Bridge  Co., 
San  Francisco,  CaL 

86  months.... 

4.11 

1,888,000 

10.00 

4,000 

6.00 

80,000 

Johnson-Sherman  Constroc- 
tion  Co.,  Oklahoma  City, 
Okla. 

87  months.... 

4.71 

1,418,000 

10.60 

4,800 

4.40 

86,400 

Bentiey-Tuttie&  PeltonCo., 
San  Francisco,  Cal. 

88  months.... 

5.06 

1,615,000 

8.00 

8,800 

5.50 

88,000 

cago,ill. 

700  days 

6.86 

1,675,000 

80.00 

8,000 

8.00 

48,000 

Faris-Kels  Oonstmotion  Co. 
(Tiimited),  Boise,  Idaho. 

8  years 

6.40 

1,880,000 

15.00 

6,000 

7.60 

45,000 

The  American  Construction 
Co.,  Denver,  Colo. 

8  years*  oon- 
tinnous 
work. 

7.40 

8,880,000 

18.00 

4,800 

8.76 

58,600 

B.  M.  Zadeck  Co.,  Chicago, 

8  years  6 
months. 

7.17 

8,151,000 

86.00 

10,000 

6.65 

89,800 

B.  H.  Hood  Co,,  New  York, 

8L000  work- 
ing hours. 

8.86 

10.00 

4.60 

N.Y.« 

Bentley-Tuttle  A  Pelton  Co., 
San  Francisco,  Cal.a 

88  months 

4.04 

1,488,000 

8.00 

8,800 

5.60 

88,000 

Barren    Constmotion    po^ 
Oakland,  CaLa 

8  years 

aw 

1,170,000 

6.00 

8,400 

a  90 

88,400 

a  Informal 
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Bidden. 


Time. 


Ck>iicrete. 


2  bridges. 


I  4  bridge  piers, 
,  600  Gubic  yards. 


Price 
each. 


John  M.  O'Rourke  St 
Co.,  Oalyeston,  Tex. 

Broderick  A  Ward,  St. 
Louis,  Mo.  i 

Geddis  St  Seerie  Stone 
Co.,  Denver,  Colo. 

Edward  Malley  ft  Co.,  , 
San  Francisco,  Cal. 

Carl  Leonardt,  Los  An- 
gi^es,Oal. 

Mason  Hoge  Co.  .Frank- 
fort. Ky. 

MacArthur  Brothers 
Co.,  Chicago,  HI. 

OriiBthsft  McDermott, 
Chicago,  ni. 

Deeks  St  Deeks,  St. 
Paul,  Minn. 

E.  B.  A  A.  L.  Stone  Co., 
Oakland,  Cal. 

Mosier  De  Graff  Con- 
tracting Co.,  Bn£Calo, 

N.Y. 

Winters- Parsons  St 
Boomer,  Spokane, 
Wash. 

San  Francisco  Bridge 
Co.,  San  Francisco, 
ObI. 

Johnson-Sherman  Con- 
struction Co.,  Okla- 
homa City,  Okla. 

Bentley-Tnttle  St  Pel- 
ton  Co.,  San  Fran- 
cisco, Cal. 

Pendm;a8t  St  C  lark- 
son,  Gnicago.Ill. 

Ftuis-Kels  Construc- 
tion Co.  (Limited), 
Boise,  Idaho. 

The  American  Con- 
struction Co.,  Den- 
ver, Cok). 

B.  M.  Zadeok  Co.,  Chi- 
cago, BL 

R.  H.  Hood  Co.,  New 
York,N.Y.« 

Bentley-Tuttle  A  Pel- 
ton  Co.,  San  Fran- 
cisoo.CaLa 

Burrell  Construction 
Co.,  Oakland,  Cal.a 


Syears 

17  months 

38  months — 

26  months 

28  months 

8years 

88  months 

aOmcmths 

2^  years 

40  months 

2  years  6 
months. 

2i  years 

85  months 

27  months 

28  months 

TOOdasrs 

2year8 

8  vears'  con- 
tin  nous 
work. 

2  years  6 
months. 

21,000  work- 
ing hours. 

28  months 

8  years 


$7,600.00 
16,600.00 
5,600.00 
4,000.00 
6,500.00 
6.000.00 
5,000.00 
2,575.00 
6,000.00 
5,600.00 
14,800.00 

4,000.00 

6,000.00 

4.600.00 

6,000.00 

15,000.00 
14.000.00 

10.000.00 

8.800.00 
7.000.00 
6,000.00 

6.000.00 


o  Informal. 


Amount. 

Price' 
per 

$15,000 

$6.00 

88,000 

7.00 

11.000 

4.00 

8,000 

5.00 

18.000 

5.50 

11,000 

5.00 

10,000 

6.00 

5.160 

8.40 

12,000 

8.00 

11,000 

8.00 

28,600 

12.00 

8.000 

4.00 

10.000 

4.00 

9.200 

7.40 

12.000 

5.60 

80.000 

6.00 

28.000 

6.00 

20,000 

7.60 

16.600 

7.00 

14.000 

6.00 

18.000 

5.60 

10,000 

4.00 

Over- 
haul. 


In  excess 

ofaoo 

feet. 


Total. 


Price  J 


Amount. 

cubic 
yard. 

$8,600 

$0.15 

4,200 

.05 

2,400 

.05 

8,000 

.05 

8.800 

.10 

8,000 

.01* 

8.600 

.02 

2.010 

.02 

4.800 

.08* 

4.800 

.05 

7.200 

.20 

2,400 

.01* 

2.400 

.06 

4,440 

.07 

8.800 

.02i 

8.600 

.07* 

3,800 

.10 

4,600 

.06 

4,200  . 

8,800 
2,400 


1,187,200.00 
1,190,400.00 
1,284,200.00 
1,285,600.00 
1.280,880.00 
1.882.100.00 
1,845.790.00 
.06^  1.867.800.00 
1.897.800.00 

i,a99.9oaoo 

1,431,400.00 

1.494.400.00 

1.601.740.00 

1.879.600.00 

1.896.  J08. 00 
1.961.600.00 

2,444.800.00 

.20     2.685.900.00 

.04 

.02* 

.06 


1.846.500.00 
1.484.200.00 


Digitized  by  VjOOQ IC 


72  FOUBTH   ANNUAL  BEPOBT   OP  BBCLAMATION   8EBVI0E. 

The  contract  was  awarded  to  John  M.  0*Rourke  &  Ck).,  of  Galveston,  Tex., 
and  was  signed  by  the  Secretary  of  the  Interior  on  April  8,  1905. 

The  operations  of  the  contractors  so  far  consist  in  the  building  of  a  camp 
along  the  most  improved  and  sanitary  lines.  Including  a  concrete  reservoir  for 
water  supply  and  accompanying  roads  and  trails  for  access  to  the  work ;  haul- 
ing in  and  assembling  their  machinery;  putting  in  anchorages  for  the  cable- 
ways  which  are  to  span  the  work ;  starting  to  strip  the  quarries  which  are  to 
furnish  stone  for  the  dam,  and  driving  piles  for  the  upper  temporary  dam, 
which  is  to  protect  the  work  while  it  is  in  its  earlier  stages,  in  the  bottom  of 
the  canyon. 

In  order  to  take  full  advantage  of  the  electric  power  which  is  to  be  furnished 
to  them  at  a  low  price  by  the  Government,  it  was  necessary  for  the  contractors 
to  equip  with  electric  machinery  throughout,  and  quick  deliveries  could  not 
be  obtained. 

Two  Lldgerwood  cableways,  1,200  feet  In  length,  with  fixed  anchorages  out- 
side each  spillway,  will  pass  the  stone  and  mortar  to  the  dam,  where  the 
setting  will  be  done  with  derricks  furnished  by  the  American  Hoist  and  Der- 
rick Ck)mpany. 

An  air  compressor  will  be  installed  to  run  the  drills  in  the  quarries. 

An  aerial  tramway,  1,700  feet  long,  will  take  the  cement  from  the  Government 
cement  mill  and  deliver  it  at  the  contractors'  stone  crusher  and  concrete- 
mixing  plant,  near  the  south  end  of  the  dam.  This  tramway  will  also  handle 
the  sand,  which  is  to  be  crushed  limestone,  from  the  quarry  and  crushing 
plant  operated  by  the  Government  midway  between  the  cement  mill  and  the 
dam. 

For  the  purpose  of  excavating  the  sand  and  gravel  in  the  river  bed  at  the 
dam  site,  it  is  proposed  to  install  two  11-inch  hydraulic  gravel  elevators,  with 
giants  to  wash  the  material  to  them.  As  auxiliaries,  and  for  the  purpose  of 
keeping  the  pit  free  from  water  later,  there  will  be  installed  four  hydraulic 
water  lifts.  The  water  to  operate  this  installation  will  be  furnished  from 
the  power  canal  under  a  head,  in  the  bottom  of  the  pit,  of  about  250  feet 

It  was  the  intention,  in  designing  the  cofferdams  and  fl\uue,  to  provide 
structures  that  would  safely  withstand  any  flood  liable  to  be  encountered,  even 
If  the  pit  were  flooded,  in  which  case  it  would  only  be  necessary  to  pump  out 
the  water  and  silt  in  order  to  resume  work  when  the  flood  had  passed.  The 
manner  in  which  the  piles  thus  far  have  been  driven  seems  to  indicate  that 
no  great  difficulty  will  be  encountered  in  carrying  out  the  plans  as  designed. 

No  expense  has  been  spared  by  the  contractors  In  acquiring  a  perfectly  ade- 
quate plant,  and  It  may  be  confidently  expected  that  the  work  will  be  satisfac- 
tory as  regards  both  quality  and  rate  of  progress.  The  construction  of  the  dam 
will  be  under  the  direct  supervision  of  Mr.  C.  W.  Smith,  constructing  engineer. 

TELEPHONE  LINE. 

On  December  26,  1003,  a  contract  was  entered  into  with  James  R.  Thorpe,  of 
Denver,  Colo.,  for  the  construction  of  a  telephone  line  from  the  head  of  tlie 
power  canal  to  the  Arizona  dam,  25  miles  from  Phoenix.  Later  this  line  was 
extended  by  force  account  Into  Phoenix  and  Mesa,  and  the  local  service  was 
greatly  Improved.  At  Phoenix  the  line  connects  with  the  Ck)nsolIdated  Tele- 
phone Company's  system,  connecting  through  it  with  the  principal  towns  in  the 
Territory.  The  line  will  ultimately  connect  with  all  the  pumping  plants  in  the 
valley,  and  will  be  invaluable  in  the  future  operations  of  the  whole  irrigation 
system  of  the  Salt  River  Valley. 


Digitized  by  VjOOQ IC 


abizona:  salt  rIVer  project.  73 


DRAFTING. 

The  work  of  designing  this  project,  estimating  its  cost,  and  drawing  the  plans 
has  mostly  been  done  on  the  ground  by  the  draftsmen  In  the  office  of  the  super- 
vising engineer. 

The  period  from  July  1  to  December  31,  1903,  was  taken  up  in  making  recon- 
noissance  maps  for  roads  and  regular  topographic  sheets,  in  preparing  layouts 
and  estimates  for  the  power  canal,  and  in  drawing  designs  of  sections  and 
structures  to  accompany  the  contract  for  the  canal. 

ROADS. 

The  nearest  town.  Globe,  is  40  miles  away,  and  It  was  necessary  to  build 
nearly  20  miles  of  road  to  connect  It  with  the  dam  site.  This  work  was  com- 
pleted in  February,  1904.  The  road  from  Roosevelt  to  Mesa  has  been  open  for 
traffic  about  ten  months.  During  September  an  account  was  kept  which  showed 
1,517,000  pounds  of  freight  passed  over  it  during  that  month. 

The  road  to  the  timber  in  the  Sierra  Ancha  has  also  opened  up  a  new  country. 
Gila  County  and  the  inhabitants  of  Pleasant  Valley  are  extending  this  road  to 
that  valley,  where  it  will  connect  with  the  road  to  Holbrook. 

Altogether  it  has  been  necessary  to  construct  about  110  miles  of  road,  part  of 
which  replaces  roads  that  will  be  flooded  by  the  reservoir.  Later  about  10 
miles  more  must  be  added  to  replace  a  road  up  Tonto  Creek,  which  will  fall 
within  the  confines  of  the  reservoir. 

Freight  is  a  great  item  in  the  expense  of  this  project.  It  forms  30  per  cent 
of  the  cost  of  the  more  expensive  machinery.  The  cost  of  fire  brick  at  the  kilfi 
forms  but  10  per  cent  of  the  cost  at  Roosevelt,  and  the  cost  of  oil  at  the  fields 
but  7  per  cent  The  remaining  90  to  93  per  cent  goes  to  pay  railroad  and 
wagon  freight 

SAWMILL  AND  LUMBER. 

Since  the  beginning  of  construction  on  the  Salt  River  project  the  engineers 
of  the  Reclamation  Service  have  cut  from  the  public  lands  in  the  neighboring 
mountains  and  sawed  with  a  (Government  mill  ab«ut  3,000,000  board  feet  of 
lumber  and  about  1,100  poles  and  piles,  of  lengths  from  25  to  40  feet,  for  use 
on  telephone  and  other  electric  lines  and  for  temporary  works  at  Roosevelt 
dam.  A  large  part  of  this  lumber  has  been  used  in  timbering  tunnels  on  the 
power  canal,  for  concrete  forms,  and  for  buildings,  bridges,  repairs,  etc,  on  the 
work.  The  balance  is  stored  in  the  yards  at  Roosevelt,  to  be  drawn  upon  as 
needed.  Only  an  insignificant  amount  of  lumber  has  been  brought  in  from  out- 
side for  use  on  this  project. 

The  lumber  cut  is  a  pine  resembling  the  common  Oregon  pine  of  lumber  yards. 
Its  quality  is  good,  though  not  quite  equal  to  that  of  Oregon  pine.  It  Is  found 
at  an  elevation  of  about  6,000  feet  and  over. 

The  hauling  has  been  done  by  teams  over  a  distance  varying  from  28  to  32 
miles.    For  this  purpose  about  23  miles  of  mountain  road  were  built. 

Had  the  lumber  necessary  for  the  construction  of  this  project  been  purchased 
in  the  nearest  markets  the  cost  must  necessarily  have  been  much  greater,  as 
tlie  lowest  prices  in  the  nearest  lumber  yards,  located  at  Globe  and  Mesa, 
approximate  close  to  the  cost  for  which  it  has  been  laid  down  in  Roosevelt 
from  the  Goyemment  mill,  thus  saving  at  least  the  item  of  wagon  freight  over 
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a  distance  of  from  40  to  60  miles.  It  bas  also  been  of  considerable  advanta^ 
to  be  able  to  cut  unusual  and  special  bills  of  timber  on  sbort  notice. 

Tbe  first  million  feet  was  sawed  under  two  contracts,  in  which  the  con- 
tractors cut  the  logs*  and  sawed  them,  with  the  Government  mill,  into  sizes 
ordered  and  piled  the  lumber  at  the  contract  price  per  thousand  feet  board 
measure.  The  mill  was  kept  in  repair  by  the  Grovemment  Both  of  these 
contracts,  however,  turned  out  unsatisfactorily.  Both  from  lack  of  experience 
in  handling  contracts  and  from  difficulty  in  obtaining  skilled  help  in  running 
the  machinery  the  contractors  were  never  able  to  turn  out  lumber  to  the 
reasonable  capacity  of  the  mill.  Inexperience  and  the  tendency  to  handle  the 
machinery  recklessly  because  of  the  Government's  guaranty  to  keep  it  up  led 
to  many  breakdowns  and  vexatious  delays  In  repairing.  The  isolated  location 
of  this  region  from  cities  and  shops  renders  it  very  difficult  to  get  any  kind  of 
careful  metal  or  machine  work  done,  often  making  It  necessary  to  send  hundreds 
and  even  thousands  of  miles  to  replace  or  repair  a  broken  part. 

After  sawing  about  a  million  feet  of  lumber  the  contractor  threw  up  the 
contract,  and  it  was  found  necessary  to  put  an  entire  new  crew  on  Government 
pay  roHs.  The  results  have  been  entirely  satisfactory.  After  sawing  2,000,000 
feet  of  lumber  it  has  been  found  that  the  cost  is  less  than  when  done  under  con- 
>  tract  and  the  rate  of  output  has  been  more  than  doubled,  without  serious 
breakdowns. 

Logging  is  done  with  heavy  low-wheeled  trucks.  Snow  in  these  mountains 
can  not  be  depended  upon  to  assist  in  the  work  of  logging. 

The  sawmill  has  been  operated  under  the  management  of  Mr.  A.  L.  Harris, 
assistant  engineer. 

HYDRAULIC  GATES,  ROOSEVELT  DAM.a 


A  tunnel  about  500  feet  long  has  been  driven  through  the  side  walls  of  the 
canyon  at  the  dam.  In  this  tunnel  will  be  placed  six  gates  to  be  used  for 
sluicing  purposes  and  for  regulating  the  flow  of  water  to  the  canals  in  the 
Salt  River  Valley,  about  50  miles  below.  These  gates,  with  their  operating 
mechanism,  etc.,  will  weigh  nearly  800,000  pounds,  and  will  be  the  largest  ever 
constructed  to  operate  under  the  great  pressure  of  100  pounds  per  square  Inch. 
The  pressure  on  each  gate  is  about  800,000  pounds.  With  the  reservoir  full, 
these  gates  are  capable  of  discharging  10,000  cubic  feet  per  second.  During 
the  construction  of  the  dam  the  river  will  be  diverted  through  this  tunnel. 

The  plans  and  specifications  for  the  construction  of  these  gates  were  prepared 
under  the  direction  of  the  project  board  of  engineers,  by  F.  Teiclmian.  Bids 
were  opened  on  Octot>er  1  at  Denver,  and  the  contract  was  awarded  to  the 
Llewellyn  Iron  Works,  of  Los  Angeles. 

POWER  PLANT. 

A  permanent  power  plant  Is  being  built  at  the  foot  of  the  dam  to  contain 
hydraulic  and  electric  machinery  for  utilizing  both  the  energy  from  the  power 
canal  and  that  stored  in  the  water  in  the  reservoir. 

It  is  contemplated  that  the  water  In  the  reservoir  will  be  drawn  down  to  the 
80-foot  level  through  pipes  connecting  with  water  wheels.  The  power  so  de- 
veloped will  be  transmitted  from  50  to  70  miles  to  Salt  River  Valley  and  there 
used  for  operating  centrifugal  pumps.    These  pumping  plants  will  be  distributed 

•  Bee  Pl0.  VII  and  VIII,  Third  Annual  Report  Reclamation  Service,  2d  edition. 
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over  the  valley  at  locations  that  will  fumlBh  the  largest  supply  of  water  aod 
best  serve  the  requirements.  With  the  water  at  Its  present  horizon  each  horse- 
power developed  at  the  dam  will  furnish  power  sufficient  to  pump  water  to 
irrigate  nearly  10  acres  in  the  valley  60  miles  away. 

Bids  were  opened  in  Los  Angeles  on  November  1  and  2  for  furnishing  one  or 
more  l,260-hor8epower  water  wheels  and  one  or  more  750-kilowatt  three-phase 
dynamos,  to  be  added  to  the  present  equipment  of  one  1,300-horsepower  water 
wheel  and  one  950-kilowatt  dynamo  already  Installed  in  the  power  house.  An 
abstract  of  the  bids  (p.  76)  follows: 

H.  Doc.  86, 59-1 6 
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UNDERGROUND  WATER  OF  SALT  RIVER  VALLEY. 

It  is  intended  to  utilize  the  power  developed  at  tbe  dam,  both  from  the  reser- 
voir and  tbe  power  canal,  for  pumping  tbe  underground  waters  of  tbe  Salt 
River  Vailey.  This  water  will  be  used  for  irrigating  in  tbe  di8tric?t  not  covered 
by  canals.  If  sufficient  water  can  be  developed,  it  is  proposed  to  construct 
additional  power  plants  along  tbe  river,  so  as  to  utilize  all  tbe  available  water 
for  irrigation. 

Tbe  underground  water  conditions  are  described  in  tbe  Third  Annual  Report, 
second  edition,  pages  152-154,  and  in  Water-Supply  Paper  136. 

VERDE  RIVER  RESERVOIR. 

Tbe  waters  of  Verde  River  enter  Salt  River  Just  above  tbe  bead  of  tbe  Arizona 
canal.  Tbe  waters  of  this  stream  are  much  fresher  than  tbe  Salt  and  tbe  flow 
in  the  river  Is  but  slightly  less. 

Tbe  complete  utilization  for  irrigation  of  all  tbe  water  flowiiig  in  Salt  and 
Verde  rivers  would  require  a  reservoir  on  each  stream  and  pumping  plants  to 
conserve  tbe  underground  waters  of  the  valley.  To  get  the  best  results  from  this 
water  it  will  be  necessary  to  have  a  complete  system  of  distributing  canals  and 
laterals,  so  laid  out  and  constructed  as  to  reduce  seepage  and  evaporation  to  a 
minimum. 

Surveys  for  a  power  plant  to  utilize  tbe  waters  of  tbe  Verde  have  been  made 
by  J.  D.  Stannard  and  estimates  of  its  cost  are  being  made. 
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EXPENDITURES. 

The  total  expenditures  on  the  Salt  River  project  to  September  30,  1905,  are 
as  follows : 

Expenditures  on  Salt  River  project  to  September  30,  lOOo. 


Work. 

Contractor. 

Amount. 

RxntTAtionB 

Shearer  &  Co 

$187,084.17 
166,628.66 
92,614.18 

Tuzmels 

JohnTuttle 

Preesnre    piiw    and    lining 

Foroe  account 

canal. 

do 

$446,261.96 
31,208.68 

Pow**'*  plant  tannpl 

Power   plant  (temi>orary  and 
permanent): 

Construction  and  operation . 

Waterwheela 

do 

StillweU-Bierce  &  Smith- Vaile  Co.. 
Bullock  Electric  Manufacturing  Co. 

JohnTuttle 

88,244.46 
5,000.00 
9,687.50 

11,178.00 
9,982.00 
2,668.80 

€^enerators        .. 

Sluicing  tunnel: 

Excavation 

102,981.9$ 

Approaches 

Force  account 

Qates 

Llewellyn  Iron  Works .. 

Force  account 

28,828.89 

Cement  plant: 

Construction  of  foundations. 

170,648.15 

12,505.66 
88,880.00 
10.641.60 

8,000.00 
5,912.79 

etc.,  and  operation. 

Rnlldlng 

Wilcox  &Bo8e 

Machinery . 

AlHs-ChalTn^rs 0>       „,  ,   , 

Motors , 

Hendrie-Bolthoff    Manufacturing 
Co. 

Force  account 

Storage  bin 

Fuel  oil 

C.  R.  Eager  A  Co 

For«A  acfionnt 

246,688.00 
11,186.81 

Waterworks. -.i 

Refrigerating  plant . . . .  ^  . 

.  do ^ 

6,069.88 

do .T. 

20,000.00 

and  corrals. 
Office  building  and  cottages 

....do 

22,434.00 

do 

8,677.97 

tenance. 
Roads 

do        

887,615.60 

TelephoTiA  linM                  ,    , 

J.  B.  Thorpe 

22,711.43 
18,426.52 

Do 

Ff>rnA  H/y-nunt 

41,187.95 

Purchase  of  lands 

30,725.00 
40,100.00 

Purchase  of  rights  of  way 

79,825.00 

M^hitlAlTT 

10,000.00 

20,000.00 

5,032.60 

81,428.26 

4,407.87 
62,600.00 

Lumber 

Fuel 

J.  E.  Sturgeon , 

Subsistence  and  miscellaneous 

camp  expenses. 
Pr«ighthlg   

Wolf  SadM 

Do 

188,868.22 
61,912.92 

Preliminary  examinatlop 

Gaging  streams 

. 



8,004.55 

Engineering  and  inspe<4ion  ....... 

10,490.20 

Administration 

79,000.00 

Total 1 

1,664,620.99 

.. ., 
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SAN  CABIiOS  PROJECT. 

The  investigation  of  water  storage  upon  Gila  River  was  begun  in  1895  by 
Arthur  P.  Davis  in  connection  with  the  problem  of  irrigation  upon  the  Gila 
River  Indian  Reservation.  Previous  work  on  the  San  Carlos  project  has  been 
described  in  the  First,  Second,  and  Third  Annual  Reports  of  the  Reclamation 
Service.  Additional  studies  relative  to  the  proposed  reservoir  at  San  Carlos 
were  made  during  the  season  of  1905  by  Mr.  G.  H.  Matthes  and  by  Mr.  Jay  1>. 
Stannard. 

DISCHARGE  OF  GILA  RIVER. 

The  daily  flow  In  second-feet  and  the  daily  discharge  in  acre-feet  for  the  years 
1899  to  1904,  inclusive,  were  computed  by  means  of  the  original  observers' 
cards  and  a  list  of  revised  discharge  measurements.  Owing  to  the  shifting 
character  of  the  bed  these  computations  were  made  by  the  aid  of  two  series  of 
rating  curves — one  for  low-water  measurements,  the  other  from  the  measure- 
ments of  flood  discharges.  Occasional  omissions  in  the  record,  due  to  the  fact 
that  the  water  in  the  stream  was  so  low  that  the  gage  could  not  be  read,  were 
filled  in  approximately  from  the  low-water  measurements  and  from  the  remarks 
of  the  observer  on  the  original  card.  It  is  thought  that  the  record  obtained  in 
this  way  approximates  very  closely  the  actual  conditions. 

EVAPORATION. 

The  observations  which  form  the  basis  for  the  results  shown  were  made  at 
the  University  of  Arizona,  at  Tucson.  They  have  been  made  during  a  period 
of  more  than  eleven  years.  The  books  of  original  record  were  loaned  through 
the  courtesy  of  Prof.  R.  H.  Forbes,  director  of  the  agricultural  experiment 
station. 

The  observations  were  reduced  to  tabular  form,  giving  the  maximum,  mini- 
mum, mean  daily,  and  total  monthly  evaporation  for  each  month  during  which 
observations  were  made.  From  these  the  monthly  and  yearly  totals  were  taken 
and  the  normal  monthly  and  annual  evaporation  computed. 

PROPERTIES  OF  PROPOSED  RESERVOIR. 

The  area  in  acres,  the  volume  between  contours  In  acre-feet,  and  the  mean 
depth  have  been  calculated  for  each  10  feet  in  height  of  dam  from  0  to  220  feet, 
inclusive.  The  data  for  making  these  calculations  were  taken  from  the  plane- 
table  surveys  of  the  reservoir  site  made  by  C.  C.  Babb  in  1899  and  T.  Brook 
White  in  1904. 

UTILITY  OF  PROPOSED  RESERVOIR. 

The  action  of  the  proposed  reservoir  from  month  to  month  was  studied  under 
certain  assumed  conditions  in  order  to  determine  its  usefulness.  The  period 
included  in  this  study  commenced  April  1,  1900,  and  ended  December  31,  1904. 
The  factors  considered  were  the  discharge  of  the  stream,  the  quantity  re- 
quired for  irrigation  and  other  uses  (assumed),  losses  in  transmission  (as- 
sumed), depth  of  evaporation  (assumed  from  observation  at  Tucson),  and  loss 
by  evaporation  (computed  from  the  depth  and  the  mean  area  exposed  to  evapora- 
tion for  the  month).  The  decrease  in  the  capacity  of  the  reservoir  due  to  sedi- 
mentation was  not  considered  in  this  study. 
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OPERATIONS  IN  CALIFORNIA. 

By  J.  B.  LippiNCOTT. 
KliAMATH  PROJECT.a 

An  account  of  the  preliminary  investigations  and  a  description  of  the  prin- 
cipal engineering  features  and  preliminary  plans  of  this  project  were  glyen  In 
the  Third  Annual  Reclamation  Report. 

The  preliminary  plans  and  estimates  of  the  project  were  considered  by  the 
consulting  board,  consisting  of  Messrs.  Wisner,  Sanders,  Lippincott,  Jacobs,  and 
Humpherys,  and  the  project  was  favorably  recommended  by  this  board  on 
May  1,  1905.  The  preliminary  estimate  of  the  cost  of  the  project  is  $4,400,000. 
T|ie  project  was  formally  adopted  by  the  Secretary  of  the  Interior  May  15, 
1905 ;  $4,400,000  was  allotted  and  $1,000,000  made  immediately  available  for  the 
beginning  of  construction  work. 

DIVISIONS  OF  THE  PROJECT. 

The  project  derives  its  water  supply  from  two  distinct  sources,  and  for  this 
reason  is  naturally  divided  into  two  distinct  units,  which  for  convenience  have 
been  called  the  "  upper  "  and  the  **  lower  "  project  The  net  area  of  irrigable 
lands  included  in  the  upper  project  according  to  preliminary  surveys,  is  48,356 
acres.    These  lands  Include  Langells,  Yonna,  and  upper  Poe  valleys. 

The  source  of  water  supply  for  the  upper  project  is  Clear  Lake  reservoir,  on 
Lost  River,  in  California,  which  it  is  planned  to  supplement  by  the  Horse  Fly 
reservoir,  on  Miller  Creek,  in  Oregon.  All  lands  In  the  upper  project  to  be  irri- 
gated are  situated  In  the  State  of  Oregon. 

The  net  Irrigable  area  of  the  lower  project,  as  determined  from  preliminary 
surveys,  is  188,045  acres,  situated  in  Klamath  and  lower  Poe  valleys.  It  is  pro- 
posed to  include  in  the  lower  project  all  lands  in  Poe  Valley  which  can  be  made 
tributary  to  the  water  supply  of  that  project  and  to  irrigate  about  15,000  acres 
of  additional  land  by  pumping. 

The  irrigable  lands  in  Klamath  Valley  extend  from  the  upper  end  of  the  val- 
ley, at  Klamath  Falls,  to  Keno,  Oreg.,  and  include  irrigable  areas  on  either  side 
of  the  river.  Tlie  Lower  Klamath  and  Tule  lakes,  portions  of  tlie  beds  of  which 
It  is  proposed  to  reclaim,  are  included  within  this  valley*  and  extend  into  the 
State  of  California. 

The  water  supply  for  the  lower  project  is  Upper  Klamath  Lake;  the  point  of 
diversion  will  be  made  at  the  head  of  Link  River  about  li  miles  above  the  town 
of  Klamath  Falls.  The  work  of  making  final  locations  of  canal  lines  and  the 
preparation  of  final  plans  for  construction  work  has  up  to  the  present  time  been 
confined  to  the  lower  project 

TOPOGRAPHIC  SURVEYS. 

After  preliminary  surveys  to  define  the  irrigable  lands  and  make  preliminary 
locations  of  canals  for  tlie  purpose  of  estimates  had  been  completed,  it  was  de- 
cided by  the  engineers  in  charge  that  a  general  topographic  survey  of  the  irri- 

•  See  PI.  XVII,  Third  Annual  Report  Reclamation  Service,  2d  edition. 

83 


Digitized  by  VjOOQ IC 


84  FOURTH    ANNUAL   REPORT   OF   RECLAMATION    SERVICE. 

gable  lands  was  necessary  in  order  that  maps  might  be  made  upon  which  a  dis- 
tribution system  could  be  outlined  before  final  locations  were  made.  The  work 
of  mapping  the  region  was  begun  in  April,  1905.  The  woric  was  under  the  direc- 
tion of  Mr.  T.  H.  Humpherys,  project  engineer ;  Mr.  D.  L.  Reabum,  topographer, 
having  immediate  charge.  The  area  surveyed  was  mapped  on  a  scale  of  2,000 
feet  to  the  inch,  with  contour  intervals  of  2^,  5,  and  10  feet,  depending  upon  the 
general  character  of  the  slopes.  The  area  mapped  included  the  irrigable  lands 
of  the  project,  together  with  the  beds  of  rx)wer  Klamath  and  Tule  lakes.  This 
survey  was  connected  with  the  general  triangulation  system  of  the  Coast  and 
Geodetic  Survey.  The  elevations  reduced  to  sea  level  datum  were  obtained  by 
a  line  of  levels  carried  into  the  basin  from  the  United  States  Geological  Survey 
bench  mark  at  Thrall,  Cal. 

MAIN  CANAL. 

Final  location  of  the  main  canal  from  the  head  of  Link  River  to  near  Olene, 
a  distance  of  about  10  miles,  has  been  made,  and  plans  and  siiecificatlons  for  its 
construction  have  been  prepared.  These  plans  and  specifications  were  approved 
by  a  board  of  engineers  consisting  of  Messrs.  Newell,  Wlsner,  Lipplncott,  Jacobs, 
and  Humpherys,  which  convened  at  Klamath  Falls  on  August  5,  1905. 

This  main  canal  is  designed  to  carry  1,500  second-feet  of  water,  having  a 
maximum  velocity  of  2.27  feet  per  second,  and  will  supply  the  upper  portion  of 
Klamath  Valley  east  of  the  Klamath  River.  The  headgates  for  this  main  canal 
{svlll  be  built  of  concrete,  fitted  with  steel  gates.  The  gate,  six  In  number, 
are  each  5  by  11  feet,  and  are  designed  to  carry  a  maximum  head  of  19  feet. 
Hand  power  will  be  used  for  operating  the  gates. 

In  the  location  of  the  main  canal  careful  consideration  was  given  to  the  ad- 
visability of  carrying  the  canal  around  the  hill  on  the  line  of  the  Ankeny 
canal  or  through  the  hills  by  a  tunnel.  The  first  route  would  involve  the  con- 
struction of  a  portion  of  the  canal  through  the  town  of  Klamath  Falls.  It  was 
believed  by  the  board  of  engineers  that  the  construction  of  an  open  channel 
carrying  a  swift  current  of  water  through  the  settled  portions  of  the  town 
should  be  avoided,  and  that  the  timnel  line  i>ossessed  other  advantages  in  econ- 
omy of  maintenance. 

TUNNEL  LINE. 

The  tunnel  is  3,100  feet  long  and  has  a  cross-sectional  area  of  148.5  square 
feet  It  is  designed  for  a  maximum  velocity  of  10.1  feet  per  second.  The  canal 
at  the  approaches  to  the  tunnel,  where  the  cutting  is  deep,  is  of  contracted 
section  and,  together  with  the  tunnel,  is  to  be  lined  with  concrete  to  withstand 
the  high  velocities.  Diamond-drill  investigations  on  the  line  of  the  tunnel  show 
that  the  material  is  principally  a  deposit  of  soft  lava  ash  of  such  quality  as  to 
Iiermit  economical  tunnel  construction. 

The  Klamath  Falls  Irrigating  Company *s  (Ankeny)  canal  line  for  the  first 
mile  of  its  course,  along  Link  River,  is  available  for  use  as  a  power  canal  in 
connection  with  the  construction  of  the  tunnel  line  and  for  purposes  of  generat- 
ing power  for  pumping.  Below  this  point  the  Ankeny  canal  will  be  enlarged 
and  used  for  several  miles. 

KENO  CUT. 

Drilling  oi)erations  have  been  carried  on  over  a  considerable  area  at  the  bead 
of  the  rapids  below  Keno  to  determine  the  most  economical  location  for  the 
Keno  cut  Three  possible  plans  for  the  lowering  of  the  river  at  this  point  are 
being  considered;  first  a  tunnel  or  open  cut  through  the  hill  direct,  a  distance 
of  about  3,800  feet;  second,  an  open  cut  aroimd  the  base  of  the  hill  along  the 
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left  bank  of  the  river,  and  third,  the  project  of  dredging  the  channel  of  the 
river.  Drilling  investigations  show  that  the  hill  is  composed  almost  entirely 
of  hard  rock,  and  the  present  indications  are  that  the  plan  for  an  open  cut 
along  the  base  of  the  hill  will  be  found  the  most  economical.  This  matter 
can  not  be  definitely  settled,  however,  until  careful  estimates  of  the  cost  of 
construction  on  each  of  the  lines  named  have  been  completed. 

DIAMOND-DRILL  WORK. 

In  addition  to  those  made  on  the  line  of  the  main  canal  for  head  works  and 
tunnel  investigations  and  at  Keno,  borings  to  determine  bed-rock  conditions 
have  been  made  at  the  Clear  Lake  dam  site  and  are  now  under  way  at  the 
Horse  Fly  dam  site.  These  investigations  show  that  conditions  at  the  Clear 
Lake  site  are  favorable,  bed  rock  having  been  found  at  a  depth  of  about  6  feet 
below  the  surface  of  the  stream. 

The  work  on  the  Horse  Fly  dam  site  is  not  yet  sufllclently  advanced  to  report 
definitely  on  bed-rock  conditions.  The  work  so  far  as  done,  however,  shows 
that  the  conditions  are  not  so  favorable  as  at  the  Clear  Lake  dam  site. 

POWER  POSSIBILITIES. 

Investigations  have  been  made  of  the  possibilities  of  developing  power  to  be 
used  for  pumping  water  to  some  of  the  higher  levels.  At  the  first  branch  of 
the  main  canal,  about  10  miles  below  Klamath  Falls,  there  Is  a  drop  of  25  feet. 
The  water  available  for  the  development  of  power  at  this  drop  Is  1,140  second- 
feet.  The  preparation  of  plans  for  utilizing  this  power  for  pumping  has  been 
taken  up  by  Mr.  O.  H.  Ensign,  electrical  engineer.  The  water  will  be  pumped 
from  Lost  River  at  Olene. 

In  April,  1905,  filings  on  the  waters  of  the  Klamath  River  at  the  rapids  below 
Keno  were  made  by  officers  of  the  Reclamation  Service  pending  Investigations 
of  the  stream.  It  Is  believed  that  sufficient  power  may  be  developed  at  this 
point  to  permit  the  Irrigation,  by  pumping,  of  considerable  areas  above  the  reach 
of  gravity  canals.  The  public  lands  along  Klamath  River  below  Keno  have 
been  withdrawn  from  entry. 

PURCHASE  OP  PRIVATE  IRRIGATION  SYSTEMS. 

Agreements  for  the  purchase  of  the  works  of  the  Klamath  Canal  Company, 
the  Little  Klamath  Water  Ditch  Company,  and  the  Klamath  Falls  Irrigating 
Company  have  been  entered  into  between  the  officers  of  the  Reclamation  Service 
and  the  companies.  These  agreements  have  been  approved  by  the  Secretary  of 
the  Interior  and  abstracts  of  title  and  deeds  of  conveyance  preparatory  to  the 
transfer  of  the  properties  to  the  United  States  are  now  being  prepared.  A 
tentative  agreement  has  been  entered  into  whereby  the  United  States  Is  to 
acquire  control  of  the  Moore  Brothers'  canal,  on  the  west  side  of  Link  River. 
This  canal  has  been  used  by  the  Moore  Brothers  for  diverting  water  for  irriga- 
tion and  power  purposes  for  the  past  twenty-five  years.  By  the  terms  of  this 
agreement  they  are  to  surrender  their  canal  right  of  way  and  all  riparian  and 
other  vested  rights  to  the  waters  of  Link  River  and  are  to  receive  therefor 
water  for  power  purposes  to  the  amount  of  205  second-feet  when  actually 
required. 

CLEAR  LAKE  RESERVOIR  SITE. 

An  agreement  for  the  purchase  of  the  lands  for  the  Clear  Lake  reservoir  site 
has  been  approved  by  the  Secretary  of  the  Interior.  This  purchase  Includes  all 
the  lands  bordering  on  the  lake  which  are  below  the  upper  contour  of  the  reser- 
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Toir,  and  carries  witb  it  a  gatteiais  of  'all  riglita  to  tbe  bed  of  said  lake  and  a 
wairer  of  all  ripartan  asd  otlier  rlgtits  oonneetBd  tberewith.  The  contract  also 
contains  a  waiver  of  all  daims  to  riparian  rights  to  Tale  Lake.  Tlie  necessary 
atatract  and  deed  of  oooveyaiMae  for  tbe  transfer  of  the  property  are  now  telng 
prepared. 

EXAiflNATIOlf  OP  SOILS. 

A  thorongh  examination  ef  tlie  soil  and  water  anpply  of  the  project  has  been 
made.  The  soil  survey  shows  that  the  land  is  In  nearly  all  places  of  such  char- 
acter as  to  Insure  satisfactory  results  when  properly  drained  and  cultivated. 
Some  differences  of  opinion  exist  as  to  the  amount  of  the  lake  beds  wtiich  may 
be  brought  under  cultivation,  and  it  is  planned  to  make  further  Investigations 
on  this  question.  All  of  the  uplands  of  the  project  are  reported  to  be  quite 
free  from  alkali.    The  water  conditions  of  the  valley  are  reported  favorable. 

Observations  on  Tule  Lake  Indicate  that  this  lake,  which  has  no  surface  out- 
let, may  have  an  underground  outlet.  Evaporation  records  which  have  been 
carefully  kept  at  Keno  Indicate  an  annual  loss  by  evaporation  of  about  38  inches. 
The  records  of  rainfall,  inflow,  and  variations  in  the  surface  of  the  lake  indi- 
cate a  loss  from  Its  surface  of  about  60  inches.  Another  and  no  less  Important 
factor  which  tends  to  confirm  the  theory  that  an  underground  passage  exists 
is  that  Tule  LaJce  is  fresh  water,  despite  the  fact  tliat  no  surface  outlet  exists. 
The  formation  of  the  country  is  volcanic  in  Its  nature,  and  the  rocks  exposed 
show  great  fissures.  The  country  to  tbe  southwest  Is  well  supplied  with 
springs,  a  fact  which  also  tends  to  show  that  underground  cbanoels  may  exist 

WATER  SUPPLY. 

Gagings  of  the  streams  tributary  to  the  lands  of  the  pvoject  have  been  main- 
tained since  preliminary  Investigations  were  begun.  The  results  of  these  ineas- 
nrements  confirm  former  conclusions  that  the  water  supply  is  sufllcient  On 
tlie  upper  project,  however,  it  may  be  that  stored  water  must  be  held  over  from 
wet  years  for  those  that  are  dry.  This  can  be  done  with  the  reservoir  capacity 
available. 

Measurements  on  Link  River,  which  Is  the  outlet  of  Upper  Khunath  hakm, 
show  that  the  normal  flow  of  that  stream  Is  sufllcient  for  the  lower  project 
To  supply  any  deficiency  wfaleh  migbt  occur,  and  to  provide  for  the  205  second- 
feet  to  be  delivered  to  Moore  Brothers,  Upper  Klamath  Lake  could  be  used  as  a 
storage  reservoir.  The  grade  of  the  main  canal  is  such  that  the  lake  can  be 
drawn  down  about  3  feet  below  the  low-water  stage  on  a  dry  year.  The  raising 
of  the  waters  of  this  lake  Is  not  now  contemplated.  Should  It  In  future  be 
decided  to  take  water  from  the  Klamath  River  into  the  Shasta  Valley,  It  is 
believed  that  the  amount  required  can  l>e  stored  by  constructing  a  low  weir 
at  the  outlet  of  tbe  upper  lake.  It  is  desirable  that  the  waters  of  the  lake 
shall  not  be  raised  more  than  is  necessary,  in  order  to  protect  from  overflow, 
as  far  as  possible,  the  large  areas  of  swamp  lands  In  this  upper  lake  country. 
Gaging  stations  are  now  maintained  on  the  following  streams ; 

Link  River  at  Klamath  Falls,  Greg. 

Klamath  River  at  Keno^  Greg. 

Lost  River  at  Clear  Lake  dam  site. 

Lost  River  at  Merrill,  Greg. 

Miller  Creak  at  Hocee  Fly  dan  site. 

Sprague  River,  5  miles  below  Yainax,  Greg. 
Following  are  estimated  discharges  at  the  principal  stations  for  1904-5.    The 
season  of  1904-5  was  one  of  exceptional  drought    During  the  winter  of  1908-4 
It  is  estimated  that  658,000  acre-feet  were  discharged  Into  Tule  Lake.    Of  this 
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amount  it  is  probable  tfatt  not  \em  tban  -10  per  cent,  or  275,000  acre-feet,  passed 
tbe  Clear  Lake  dam  site,  and  not  less  than  30  per  cent,  or  206,400  acre-feet, 
passed  the  Horse  Fly  dam  site. 

Estimated  discharge  of  Link  River  at  Klamath  Falls,  1904-5, 


Montli. 


190i. 

Maya 

June 

J«ly 

August : 

September 

October 

Iforember 

December 

1905. 

January < 

Pebmary 

Marc^ 

April : 

itoy 

June , 

July 

Aognst 


Mean 
monthly 
discharge. 


Sec.'feet. 
8,640 
6,740 
4,128 
2,886 
1,608 
1,686 
1,887 
8,186 

2,684 
8,108 
8,067 
8,106 
2,607 
2,004 
1,868 
1.061 


Total 
montlily 
discharge. 


Acre-feet. 
801,880 
401,068 
268,618 
148,686 
96,886 
106,668 
100,800 
184,860 

161,848 
172,888 
18»,812 
184,819 
160,688 
119,246 
88,808 
64,624 


«  Last  17  days. 
Estimated  discharge  of  Lost  River  at  Merrill^  Oreg,,  1904-5. 


Month. 


Mean 
monthly 
discharge. 


Total 
monthly 
discharge. 


1904. 


July  (last  6 days). 

Angnst 

September 

October 

Horember 

December 


1906. 


January.. 
Pebmary. 

March 

April 

May 

June 

July 

August... 


8ec.-feet. 
208 
190 
165 
168 
160 
160 


Acre-feet. 
2,416 
12,286 
9,818 
9,716 
8,9B6 
9.288 


248 

16.249 

614 

28,546 

461 

28,846 

470 

27,967 

160 

9,228 

188 

8,212 

126 

7,686 

125 

7,686 
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Estimated  discharge  of  Miller  Creek  at  Horse  Fly  dam  site,  lOO^-o. 


Month. 


I     Mean  Total 

monthly  I  monthly 
diflchargre.  dlKharge. 


1904. 


Angniit 

September  . 

October 

November.. 
December .. 


1906. 


January.. 
Pebmary. 

March 

April 

May 

Jnne 

July 

August... 


Sec.-feet. 
1.90 
.20 
2.40 
8.70 
6.20 


Acre-feet. 
TO 
12 
148 
221 
381 


179.0 

11,006 

188.0 

7,664 

168.0 

9,406 

71.0 

4.226 

6.6 

400 

8.0 

179 

.0 

0 

.0 

0 

Estimated  discharge  of  Lost  River  at  Clear  Lake,  near  Tule  Lake,  Oreg.,  190^-5. 


Month. 


September . 
October  .... 
November.. 
December.. 


January.. 
February. 
March  — 

April 

May 

June 

July 

August... 


1904. 


1906. 


Mean     ,      Total 
monthly  |  monthly 
discharge,  discharge. 


Sec.-feet. 
11.8 
18.1 
15.5 
18.2 


•  Mean  flow  for  July  and  August  estimated. 


Acre-feet. 

673 

1,118 

928 

1,119 


120.0 

7,879 

217.0 

12,062 

224.0 

18,778 

127.0 

7,667 

14.6 

896 

2L6 

1,286 

a7.0 

430 

a6.0 

869 
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Estimated  discharge  of  Klamath  River  at  Keno,  Oreg.,  lOOJjfS. 


Month. 


1904. 

June 

July 

Ansrtwt 

September 

October 

NoTomber 

December 

1905. 

Janxiary 

February 

March 

AprU 

May 

June 

July 

AUgllJBt 


I 


Mean 
monthly 
iificharge. 

Total 
monthly 
discharge. 

Sec-feet. 

Acre-feet. 

7,076 

421,051 

4,177 

266,884 

2,518 

164,618 

1,778 

106,796 

1,776 

100,141 

2,007 

119.425 

2,286 

187,425 

2,716 

167,000 

8,066 

171,888 

8,062 

187,660 

8,007 

184,284 

2,688 

166,278 

2,167 

128,860 

1,486 

88,297 

1,065 

65,486 

WATER  USERS'  ASSOCIATION. 

The  Klamath  Water  Users*  Association  was  organized  March  4,  1905,  and  is 
regularly  incorporated  under  the  laws  of  the  State  of  Oregon,  with  a  capital 
stock  of  $2,000,000. 

As  set  forth  in  its  articles  of  incorporation,  "  one  of  the  enterprises  in  which 
the  association  proposes  to  engage  is  to  aid  and  assist  the  Reclamation  Service 
of  the  United  States  in  carrying  on  projects  for  irrigating  and  reclaiming  lands 
of  the  shareholders  of  this  corporation ;  to  drain,  dike,  reclaim,  and  render  fit 
for  agricultural  and  other  purposes  swamp  and  marsh  lands  and  overflowed 
lands  covered  by  water  belonging  to  shareholders  of  this  corporation ;  to  enter 
into  any  agreement  with  the  proper  representative  of  the  United  States  with 
reference  to  the  collection  and  payment  of  any  and  all  charges  made  under 
the  Federal  statutes  for  the  works  providing  water  for  the  lands  of  its  share- 
holders ;  to  comply  with  the  provisions  of  any  Federal  statutes  applicable  to  the 
work  done  by  the  United  States  In  connection  with  such  system  of  water  supply, 
and  any  rules  and  regulations  established  thereunder;  to  perform  any  and  all 
acts  necessary  or  appropriate  for  the  accomplishment  of  any  of  the  said  pur- 
poses or  anything  incident  thereto." 

The  assignment  of  the  lands  of  the  project  has  been  taken  up  by  the  Water 
Users'  Association  and  95  per  cent  of  all  the  lands  under  the  lower  project  have 
been  subscribed  under  the  terms  of  the  reclamation  act  These  assignments 
provide  for  the  disposal  of  all  holdings  in  excess  of  160  acres,  which  has  been 
fixed  as  the  maximum  area  for  which  water  may  be  obtained  by  any  one  person. 

PRESENT  OPERATIONS. 

The  work  of  the  project  is  being  planned  at  present  with  a  view  to  beginning 
construction  at  an  early  date.  The  lower  project  has  been  selected  as  the  one 
which  should  be  first  constructed  for  three  reasons;  first,  the  necessity  for 
water  in  order  to  properly  maintain  the  present  development  of  the  country 
and  provide  for  future  growth  is  greater  on  the  lower  project;  second,  the 
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water  supply  of  the  lower  project  Is  assured,  and,  third,  contracts  to  a  greater 
^tent  have  been  signed  by  private  landowners  under  the  lower  project.  It 
is  expected  that  by  the  time  work  can  be  begun  on  the  upper  project  sufficient 
data  OB  that  water  supply  will  be  at  hand  to  enable  the  engineers  to  provide 
for  more  economical  methods  of  conserving  and  distributing  these  waters  than 
is  at  present  possible. 

The  cost  of  concrete  construction  in  the  Klamath  basin  at  present  is  high, 
due  to  the  lack  of  railway  facilities.  It  is  believed,  however,  from  present 
indftcationsy  that  this  condition  will  be  improved  within  a  short  time,  ma  two 
railways  are  now  being  projected  into  the  basin.  The  McCloud  River  Bail- 
way  Ck)mpttny  is  now  engaged  on  actual  construction  on  a  line  said  to  bave 
its  terminus  on  Lower  Klamath  Lake,  and  It  Is  stated  that  connections  front 
this  point  will  be  made  for  the  present  with  Klamath  Falls  by  steamer.  The 
Weed  Railway  Ck>mpany  is  also  providing  for  the  cqnstruction  of  a  line  directly 
to  Klamath  Falls.  About  25  miles  of  this  road  has  been  built,  and  the  remain- 
ing portion  is  being  located.  Both  of  these  lines  are  planned  to  connect  with 
the  main  line  of  the  Southern  Pacific  Company. 

The  present  plans  for  the  head  works  of  the  main  canal  at  the  head  of  Link 
River  provide  for  permanent  work  of  steel  and  concrete,  and  it  is  believed 
that  the  Importance  of  these  works  Justifies  such  construction.  Before  final 
plans  are  made  for  the  remaining  and  less  important  structures,  however,  a 
comparison  will  be  made  of  the  estimated  costs  of  permanent  structures  under 
present  conditions  and  with  improved  transportation  facilities,  and  should 
the  difference  be  suflacient  to  warrant  it,  temporary  structures  will  be  con- 
sidered for  first  construction. 

SACRAMENTO  VAIiLEY  PROJECTS. 

Investigations  on  Sacramento  Valley  projects  have  been  continued  during 
the  season  of  1904-5.  These  investigations  include  a  general  study  of  the  water 
supply  and  the  location  and  survey  of  available  reservoir  sites.  The  Sacramento 
Valley  proper  (Pi.  VIII)  contains  about  4,196  square  miles  and  the  total  area  of 
its  basin,  including  its  mountainous  portions,  is  26,187  square  miles.  The  water 
supply  is  ample  for  irrigating  the  entire  valley,  if  properly  controlled.  The  mean 
run-off  from  the  watershed  of  the  Sacramento  River  at  Iron  Canyon,  4  miles 
above  Red  Bluff,  for  the  months  of  January  to  April,  inclusive,  the  four  months 
of  greatest  discharge,  is  55  per  cent  of  the  mean  annual  flow.  The  discharge 
from  May  to  September,  inclusive,  the  five  months  when  there  will  be  the  greatest 
need  of  water  for  irrigation,  is  less  than  24  per  cent  of  the  total  mean  annual 
flow.  In  working  out  this  project  these  facts  show  the  necessity  of  storing  the 
fiood  flow  for  use  during  the  irrigation  season,  since  sufllcient  water  must  be 
left  in  the  river  during  that  period  for  the  purposes  of  navigation.  The  follow- 
ing reservoir  sites  have  been  surveyed :  Guenoc  and  Monticello,  on  Puta  Creek ; 
Clear  Lake  and  Little  Indian  Valley,  on  Cache  Creek ;  Briscoe,  East  Park,  and 
Mill  Site,  on  Stony  Creek;  Iron  Canyon  on  Sacramento  River;  Jess  Valley 
and  West  Valley,  on  South  Fork  Pit  River ;  Warm  Spring  Valley,  and  Big  Valley 
on  Pit  River;  Round  Valley  on  Ash  Creek;  Big  Meadows  on  North  Fork  of 
Feather  River;  Indian  Valley  on  Indian  Creek.  A  sunmiary  of  the  data  con- 
cerning these  reservoirs  is  as  follows : 
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Name  of  reeervoir. 


Oaenoc 

Monticello . 


Clear  Lake 

Little  Indian  Valley. 

Briscoe 

East  Park 

Mill  Site 

Iron  Canyon 

JeflB  Valley , 

West  Valley 

Warm  Spring  Valley. 

BigValleya 

Bonnd  Valley 


Description. 


Big  Meadows. 
Indian  Valley. 


Total. 


100-foot  loose  rock-flll  c'am  with  waste  way 

Greatest  depth  of  water  liSO  feet.    Proper  height 
of  dam  not  yet  determined. 

IG-footdam.    Outlet  channel 

180-foot  concrete  overflow  dam 

125-foot  concrete  gravity  dam  with  wasteway  — 

115-foot  concrete  gravity  dam  with  wasteway 

95-foot  loose  rock-flll  dam  with  wasteway 

170-foot  rabble  concrete  dam  with  wasteway 

60-foot  loose  rock-flll  dam  with  wasteway 

70-foot  loose  rock-flll  dam  with  wasteway 

....do 

lOO-foot  concrete  overflow  dam 

70-foot  loose  rock-flll  dam,  with  wasteway 


CaiMtcity 
of  reser- 
voir basin 
as  sur- 
veyed. 


Acre-feet. 
188,000 


Probable 
amount 
available 
annually 
from  wa- 
tershed. 


Acre-feet. 
80,000 


[West  arm:   Greatest  depth  of  water,  40  feet. 
I    Proper  height  of  dam  not  yet  determined. ' 

lEast  arm:  Greatest  depth  of  water,  30  feet 

Greatest  depth  of  water,  110  feet 


180,000 
100,000 

76,500  |. 

14,885 

86,000 

43,785 
206,900 
234,560 

94,579  L 

550,015  '.. 

8,196,188  'ftl, 

184,732  :.. 


130,000+ 
100,000 
50,000 
14,885 
26,000 
48,735 
226,900-H 


000,000 


227,880 

246,500 
688,000 

6,226,974 


500,000 
500,000 


2,671,000 


•  Big  Valley  reservoir  site  la  below  Jess  Valley,  West  Valley,  Warm  Spring  Valley, 
aud  Round  Valley  reservoir  sites. 

^This  estimate  Includes  discharge  from  Goose  Lake  drainage. 

A  survey  Is  now  in  progress  of  Mobawk  and  Grizzly  Valley  reservoir  sites,  on 
the  Middle  Fork  of  the  Feather  River.  The  probable  available  water  supply 
from  these  reservoir  sites  is  over  2,600,000  acre-feet  A  reconnaissance  of  the 
entire  basin  of  the  river  Is  almost  completed.  Sixteen  gaging  stations  are  being 
maintained  In  the  basin,  and  the  discharge  from  82  per  cent  of  its  area  is  t)eing 
measured.  This  work  is  being  carried  on  in  cooperation  with  the  State  of 
California. 

The  Geological  Survey  is  making  a  detailed  toiwgraphic  map  of  the  Sacra- 
mento Valley.  The  mapping  of  the  west  side  of  the  valley  will  probably  be 
completed  in  1906.  This  map  will  be  used  in  making  a  study  of  the  division  of 
the  project  Into  units.  . 

A  topographic  survey  was  made  of  a  reservoir  site  on  lower  Puta  Creek,  10 
miles  above  the  town  of  Winters,  Cal.,  and  4  or  5  miles  above  the  point  where 
the  creek  debouches  upon  the  plain.  This  survey  was  commenced  on  May  9 
and  completed  on  June  5,  1905.  The  area  of  the  watershed  of  Puta  Creek  above 
the  dam  site  is  estimated  at  515  square  miles,  exclusive  of  that  above'the  Guenoc 
reservoir  site. 

H.  Doc.  86, 59-1 7 
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The  following  table  gives  the  capacity  of  Puta  Creek  reservoir  up  to  150  feet 
depth : 

Capacity  of  Puta  reservoir. 


Contour. 

Area. 
Acres. 

Capacity 
of  section. 

Total 
capacity. 

Feet. 

Acre-feet. 

Acre-feet. 

20 

25.1 
62.1 

ao 

386.0 

386.0 

40 

108.3 

802.0 

1,188.0 

50 

131.0 

1,196.5 

2,884.5 

60 

260.0 

2,000.0 

4,384.5 

70 

966.1 

8,170.5 

7,566.0 

80 

504.1 

4,346.0 

11,901.0 

90 

664.2 

5,841.5 

17,742.5 

100 

917.4 

7,908.0 

25,650.5 

110 

1,283.5 

11,004.5 

36,665.0 

120 

1,867.5 

15,755.0 

62,410.0 

130 

2,965.1 

21,168.0 

73,573.0 

140 

2,799.3 

26,822,0 

99.396.0 

150 

8,322.7 

30,610.0 

130,006.0 

The  width  of  the  gorge  at  the  bottom  is  80  feet,  and  at  150-foot  elevation 
above  the  stream  bed  it  is  380  feet  The  bed  rock  is  exposed  on  both  banks  of 
the  stream,  but  not  in  the  stream  bed.  The  channel  Is  filled  with  large  bowlders. 
The  rock  Is  a  heavy  gray  sandstone,  and  is  being  quarried  for  building  pur- 
poses. A  short  distance  above  the  dam  site  there  Is  a  large  bed  of  gravel  which 
will  be  suitable  for  making  concrete. 

The  topographic  surveys  for  the  remainder  of  the  season  have  been  confined 
to  the  Feather  River  watershed,  but  reconnaissances  for  reservoir  sites  have 
been  made  In  both  the  Feather  and  Yuba  River  basins.  The  regular  topographic 
sheets  for  both  of  these  watersheds  have  been  completed  and  published  by  the 
Geological  Survey  and  have  been  of  great  assistance  In  locating  possible  reser- 
voir sites.    The  season's  work  in  this  region  will  be  described  by  quadrangles. 

During  June  and  July,  1905,  a  survey  was  made  on  the  west  arm  of  Big 
Meadows,  in  Plumas  County,  Cal.  The  following  table  gives  the  capacity  of 
this  reservoir  for  greatest  depth  of  water  of  40  feet : 

Capacity  of  westenh  arm  of  Big  Meadows  reservoir  site  in  Tps,  27-28  N.,  R.  8  K. 


Capacity  of  j       Total 
section.         capacity. 


Contour. 

Area. 

Feet. 

Acres. 

4,375    : 

966.9 

4,385 

8,927.9 

4,395 

7,098.0 

4,405 

9,893.5 

4,415 

12,780.0 

Acre-feet.        Acre-feet. 


24,474.0 
55,104.5 
84,982.5 
113,367.5 


24,474.0 

79,578.5 

164,511.0 

277,878.5 


The  east  arm  of  Big  Meadows  is  owned  and  has  been  surveyed  by  the  Western 
Power  Company.  The  capacity  given  by  them  for  greatest  depth  of  water  of 
29  feet  Is  246,500  acre- feet.  The  company  proposes  to  construct  three  dams. 
The  greater  part  of  the  expense  of  the  construction  of  this  reservoir  would  be 
that  Involved  in  cutting  off  the  west  arm,  and  thus  reducing  the  size  of  the 
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reservoir.  The  Western  Power  Company  proposed  to  furnish  a  copy  of  this 
survey  and  of  the  survey  of  the  Butt  Valley  reservoir  (capacity  100,000  acre- 
feet),  and  also  of  the  Humbug  Valley  reservoir  site  on  Yellow  Creek  (capacity 
undetermined),  if  the  Reclamation  Service  would  furnish  the  company  a  copy 
of  our  map  of  the  west  arm.  One  dam  would  be  sufficient  to  make  a  reservoir 
of  the  east  and  west  arms.  The  dam  site  Is  being  prospected  by  the  Western 
Power  Company.  Excavations  have  been  made  for  bed  rock  on  each  side  of 
the  stream  and  the  diamond  drill  has  been  used.  The  dam  at  the  i)oint  whfere 
this  excavation  is  being  made  will  probably  be  considerably  higher  than  40 
feet  The  company  is  now  combining  all  surveys  In  Big  Meadows  and  will 
soon  furnish  a  topographic  map  of  the  same. 

No  reconnaissance  has  been  made  on  Battle,  Paine,  Antelope,  Mill,  and  Deer 
creeks,  though  from  the  study  of  the  Lassen  Peak  quadrangle  there  seems  little 
likelihood  that  any  reservoir  sites  of  value  will  be  discovered  on  these  creeks. 
There  are  several  meadows  on  these  streams  that  are  near  the  headwaters  and 
have  small  watersheds  back  of  them. 

Indian  Valley  reservoir  site  was  surveyed  in  August  and  September,  1905. 
The  following  table  gives  the  capacity  of  this  site: 

Capacity  Indian  Valley  reservoir. 


Contour. 

Area. 

Capacity  of 
section. 

Total 
capacity. 

Feet. 

Acres. 

Acre-feet. 

Acre-feet. 

3,470 

8.8 

3,480 

11.8 

108.0 

103.0 

8,400 

35.4 

236.0 

889.0 

3,500 

606.4 

3,204.0 

8,543.0 

3.510 

3,984.5 

22,949.5 

26,492.5 

3,520 

5,944.0 

49,642.5 

76,135.0 

3,580 

7,907.0 

60,265.0 

145.300.0 

3,540 

9,356.0 

88,315.0 

231,706.0 

3,550 

10,630.0 

99,930.0 

831,635.0 

3,560 

11.605.0 

110,675.0 

442,310.0 

3,570 

12,220.0 

118,625.0 

560,935.0 

3,580 

13,204.0 

127,120.0 

688.065.0 

It  is  estimated  that  the  run-off  from  the  drainage  area,  which  is  733  square 
miles,  is  approximately  600,000  acre-feet.  The  area  of  the  surface  of  the 
reservoir  will  be  about  20  square  miles.  This  is  the  best  tract  of  farming  land 
in  Plumas  County.  Mr.  Johnson  estimates  that  there  are  8.000  acres  of  land  in 
the  tract  that  are  worth  $35  an  acre,  4,000  acres  worth  $5  an  acre,  and  two 
town  sites,  Taylorsville  and  Crescent  Mills.  The  estimated  value  of  the  land 
within  these  sites  is  $50,000.  In  addition  to  this  there  may  be  some  complica- 
tions with  the  mining  company  that  owns  an  old  mine  located  within  the  reser- 
voir site.  This  mine  Is  now  flooded,  but  the  owners  claim  that  they  expect  to 
pump  It  out  and  work  it.  The  mine  has  been  practically  abandoned  for  a  num- 
ber of  years.  The  l)est  location  for  a  dam  site  has  not  been  fully  determined, 
but  a  detailed  survey  has  l)een  made  of  the  canyon  for  probably  2  miles  of  its 
length  below  the  valley. 

Reconnaissance  has  l)een  made  In  Genesee  Valley,  which  Is  above  Indian  Val- 
ley on  Indian  Creek,  but  no  good  dam  site  was  discovered  and  no  detailed  sur- 
vey was  made  on  this  account. 

There  is  a  large  meadow,  known  as  Mountain  Meadow,  In  the  upi>er  part 
of  the  watershed  of  the  North  Fork  of  the  Feather  River  above  Big  Meadows, 
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which  was  not  surveyed  because  of  the  small  tributary  watershed  above  it,  and 
because  of  the  fact  that  examination  of  the  topographic  sheet  indicated  that 
there  was  no  possible  dam  site,  though  no  reconnaissance  was  made  to  determine 
this  fact. 

Rock,  Mud,  Big  Chico,  Little  Chico,  and  Butte  Creek  basins,  In  the  vicinity 
of  Chico,  Cal.,  were  examined  In  June  and  July,  1904,  by  L.  M.  Lawson.  No 
reservoir  sites  of  any  value  were  discovered  on  any  of  these  streams. 

A  survey  was  made  of  the  Concow  reservoir  site,  on  Concow  Creek,  a  tribu- 
tary of  the  west  branch  of  the  Feather  River.  This  was  formerly  an  old  mining 
reservoir  of  comparatively  small  capacity.  The  dam  at  this  point  failed  some 
years  ago. 

A  reservoir  site  of  45,000  acre-feet  capacity  is  located  on  the  west  slope  of  the 
Sierra  Nevada,  in  Plumas  County,  about  5  miles  southwest  of  Edmanton,  where 
the  rainfall  is  70  inches  annually.  This  site  is  known  as  Bucks  Valley.  A 
survey  of  this  site  was  made  by  William  Watson  for  power  purposes,  probably 
in  the  interest  of  Mr.  Hammond,  of  Orovllle,  Cal.  Mr.  Watson  says  that  the 
principal  part  of  the  reservoir  site  is  in  private  ownership  and  that  the  Cali- 
fornia Gas  and  Electric  Company  is  endeavoring  to  get  title  to  the  dam  site  by 
covering  it  with  a  placer-mining  filing.  Application  has  been  made  for  a 
patent  to  this  land  under  the  mining  laws.  No  application  has  been  filed  for 
right  of  way  for  this  reservoir  site. 

Meadow  Valley  was  visited  and  was  found  to  have  too  great  a  slope  for  a 
reservoir.  Spanish  Ranch  Valley  was  also  visited,  and  arrangements  were 
made  with  Mr.  Watson,  who  had  surveyed  this  valley  and  American  Valley,  to 
procure  copies  of  maps  of  these  valleys  made  by  him.  These  maps  have  a  con- 
tour interval  of  10  feet.  The  cost  of  these  maps  will  cover  only  the  lalwr  of 
making  tracings. 

Arrangements  have  been  made  for  copy  of  the  topographic  map  of  American 
Valley.  This  valley  Is  not  considered  suitable  for  a  reservoir,  for  the  follow- 
iqg  reasons:  Quincy,  the  largest  town  and  the  county  seat  of  Plumas  County, 
is  located  here.  The  final  location  of  the  Western  Pacific  passes  through  the 
dam  site.  Construction  has  begun,  on  this  line.  Another  reason  is  that  a  long 
auxiliary  dam  would  be  necessary  in  addition  to  the  main  dam  across  Spanish 
Creek  canyon. 

A  reconnaissance  was  made  In  the  upper  portion  of  the  American  Valley, 
known  as  Thompson  Valley,  to  see  if  this  could  be  utilized  as  a  reservoir,  but 
the  distance  between  walls — 1,300  to  2,000  feet — ^was  considered  too  great. 

A  reconnaissance  was  made  of  Long  Valley,  on  the  Middle  Fork  of  the 
Feather  River.  It  was  not  considered  feasible  to  construct  a  reservoir  here,  so 
no  detailed  surveys  were  made. 

A  reconnaissance  was  made  of  Mohawk  Valley,  on  the  Middle  Fork  of  the 
Feather  River.  The  lower  portion  of  this  valley  is  considered  to  have  too  much 
grade  to  be  of  value  for  a  reservoir  site.  Tiie  upper  portion  of  the  valley  is  now 
being  surveyed  by  Mr.  Johnson.  The  watershed  tributary  to  this  reservoir 
site  Is  652  square  miles.  Including  the  watershed  of  Grizzly  Valley. 

The  area  of  the  watershed  of  Grizzly  Valley,  which  is  tributary  to  tlie  Middle 
Fork  of  the  Feather  River,  Is  44  square  miles.  An  excellent  dam  site  exists 
here,  with  solid  granite  rock  In  place.  Probably  the  most  economical  height 
to  construct  a  dam  at  this  point  would  be  100  feet,  as  an  excellent  spillway  could 
be  made  for  a  dam  at  this  height  by  excavation  of  rock  for  the  dam  itself. 
Probably  a  rock-fill  dam  would  be  the  most  economical  construction.  Excellent 
timber  exists  along  the  sides  of  the  canyon  for  making  a  face  for  the  dam. 
The  hills  are  also  covered  with  a  considerable  depth  of  soil,  which  could  be 
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Bluioed  in  front  of  the  dam  for  an  earth  face  if  it  was  not  considered  desirable 
to  construct  a  wooden  face.  The  capacity  of  this  reservoir  will  probably  not 
exceed  30,000  acre-feet  with  a  100-foot  dam.  This  reservoir  site  might  be 
useful  in  connection  with  an  irrigation  project  for  the  northwestern  portion  of 
Sierra  Valley.  It  Is  said  that  the  people  in  this  vicinity  would  be  willing  to 
undertake  the  formation  of  an  irrigation  district  if  funds  could  not  be  obtained 
for  a  Federal  project,  provided  the  construction  of  this  reservoir  was  reported 
on  favorably  by  the  engineers  of  the  Reclamation  Service. 

A  reservoir  site,  locally  known  as  Red  Clover  Valley,  is  located  on  a  trlou- 
tary  of  Indian  Creek.  The  area  of  the  tributary  watershed  is  82  square  miles. 
It  is  not  considered  advisable  to  survey  this  reservoir  site,  because  the  dam 
site  is  very  poor  and,  if  the  Indian  Valley  reservoir  should  be  constructed,  the 
discharge  from  the  entire  drainage  area  of  Indian  Creek  would  probably  be 
required  to  fill  it. 

There  is  a  reservoir  site  on  Last  Chance  Creek  in  this  neighborhood.  The 
people  of  Sierra  Valley  have  contemplated  forming  an  irrigation  district  and 
utilizing  this  reservoir  site.  The  matter  was  dropi)ed,  however,  about  six 
months  ago  because  of  the  objection  of  the  riparian  owners  on  the  lower  part 
of  the  creek.  This  site  is  not  very  valuable,  because  of  the  limited  area  of 
tributary  drainage  and  the  small  amount  of  rainfall. 

A  good  dam  site  exists  on  the  Middle  Fork  of  the  Feather  River  below  Sierra 
Valley,  but  it  was  not  considered  advisable  to  survey  this  site  or  the  Sierra 
Valley  because  there  are  railroads  on  both  sides  of  the  canyon  of  the  Middle 
Fork  of  Feather  River,  and  the  reservoir  itself  would  be  too  large  and  too 
shallow. 

Cracrofts  Neck  was  visited.  This  is  in  the  western  part  of  the  Sierra  Val- 
ley, about  midway  between  Beckwlth  and  Sierraville.  The  area  of  the  water- 
shed naturally  tributary  to  this  site  is  only  about  IG  square  miles,  and  the 
dam  site  would  be  from  1,300  to  1,500  feet  wide,  so  it  is  not  considered  suit- 
able for  a  reservoir  and  Is  not  recommended  for  survey.  The  area  tributary 
to  this  reservoir  site  could  be  Increased  to  107  square  miles  by  building  a 
diversion  canal  from  a  point  near  Sierraville  around  the  edge  of  the  valley. 

A  copy  of  a  topographic  map  has  been  obtained  from  the  city  engineer  of  San 
Francisco,  showing  the  survey  of  the  Oregon  House  reservoir.  This  survey 
was  made  in  connection  with  one  of  the  proposed  water  supplies  from  the 
Sierra  Nevada  for  the  city  of  San  Francisco.  It  is  not  valuable  as  a  site  for 
an  irrigation  reservoir,  as  water  would  have  to  be  brought  to  It  by  a  long 
diversion  canal.     One  tunnel  on  the  line  would  be  about  5  miles  long. 

Two  possible  reservoir  sites  exist  In  this  quadrangle.  One  of  these.  Browns 
Valley,  is  occupied  by  an  irrigation  district.  Another,  Penn  Valley,  is  con- 
sidered Impracticable  for  two  reasons — the  length  of  the  dam  necessary  and 
the  small  area  of  the  tributary  watershed. 

Twenty- two  reservoirs  have  been  constructed  in  the  watershed  of  the  South 
Fork  of  the  Yuba  River  for  mining  purposes.  The  capacities  of  these  reser- 
voirs vary  from  40  to  21,350  acre-feet.  The  most  Important  of  these  were 
visited  to  determine  whether  it  would  be  possible  to  increase  their  capacity 
by  raising  the  dams.  The  total  capacity  of  the  twenty-two  reservoirs  is  less 
than  87,000  acre-feet,  and  It  is  believed  that  the  amount  of  storage  that  could 
be  obtained  by  increasing  the  height  of  these  dams  would  be  insignificant. 
The  run-off  from  the  drainage  area  tributary  to  some  of  them  Is  Insufilcient  to 
fill  them  in  average  years. 

Mr.  Johnson  Is*  now  sun^eylng  the  Mohawk  Valley  reservoir  site,  and  after 
this  survey  Is  completed  the  Grizzly  Valley  reser\'oir  site  will  be  sun'eyed  if 
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the  weather  i>eriDit».  When  the^•e  surveys  are  comjileted  it  is  believed  that 
maps  will  have  been  obtained  of  all  tlie  reservoir  sites  that  are  now  available 
for  Irrigation  puriM»ses  on  the  east  side  of  the  Sacramento  Valley.  A  few  other 
sites  of  small  capacity  may  prove  to  be  of  sufficient  value  at  some  time  in  the 
future  to  Justify  their  survey. 

SAX  JOAQUrV  VAIiliET  PROJECT. 

In  April,  11¥)5,  investigations  of  the  underground  waters  of  the  San  Joaquin 
Valley  were  l)egun  under  the  direction  of  W.  C.  Mendenhall,  geologist  The 
plans  outlined  for  this  work  contemplate  a  general  examination  of  the  ground- 
water conditions  throughout  the  valley  to  determine  the  areas  where  under- 
ground waters  occur  in  quantities  sufficient  to  justify  their  development  After 
the  areas  are  thus  found,  It  is  proposed  to  make  estimates  of  the  cost  of  develop- 
ing the  waters  for  irrigation  purposes. 

In  order  to  determine  these  questions,  all  the  more  Important  developments 
that  have  been  made  by  private  capital  are  being  examined.  Where  important 
developments  have  not  been  made,  the  smaller  wells  are  tested,  and  such  geologic 
conditions  as  may  throw  light  upon  the  underground  water  supply  are  studied. 

A  base  map  of  the  San  Joaquin  Valley,  on  which  the  data  obtained  in  connec- 
tion with  the  project  will  be  recorded,  Is  now  being  prepared.  Tables  showing 
the  cost  and  efficiency  of  such  private  enterprises  as  depend  upon  underground 
waters,  and  charts  showing  the  artesian  areas  and  other  zones  in  which  ground 
waters  occur  in  quantity,  at  depths  accessible  for  development  are  being  pre- 
pared, as  are  also  rei)ort8  upon  all  phases  of  the  use  of  such  waters. 

OWEX8  VAIiliEY  PROJECT. 

The  Owens  Valley  project  has  been  describe<l  in  the  Second  and  Third  Annual 
rei)orts  of  the  Reclamation  Service,  In  which  are  given  summaries  of  measure- 
ments showing  the  available  water  supply,  together  with  descriptions  of  reser- 
\oir  sites  and  irrigable  areas.  Details  of  stream  and  canal  measurements  In 
Owens  Valley  for  the  year  1003  are  given  in  Water-Supply  and  Irrigation  Paper 
No.  100  (pages  20<>-22.3),  and  for  the  year  1904  in  Water-Supply  and  Irrigation 
Paper  No.  134  (pages  200-261). 

During  the  airrent  year  all  work  in  Owens  Valley  has  been  discontinued 
except  the  sounding  for  bed  rock  at  the  Long  Valley  dam  site  and  the  continu- 
ance of  stream  measurements.  In  the  summer  of  1904  drilling  machinery  was 
shipped  Into  Owens  Valley  for  use  In  this  exploration,  but  men  were  not 
available  to  carry  on  the  work  until  May,  1005. 

One  dam  site  on  Owens  River  below  Long  Valley  has  been  explored,  the  work  ' 
having  been  completed  August  15  last.  Eight  holes  have  been  put  down  at  the 
dam  site  to  a  total  depth  of  203.1  feet  through  sand  and  gravel,  and  352.9  feet 
In  betl  rock,  a  total  of  040  feet.  The  holes  were  sunk  to  unusual  depth  in  bed 
rock,  owing  to  the  fact  that  the  rock  was  of  volcanic  origin,  and  it  was  con- 
sidered possible  that  certain  layers  of  the  tufa  might  overlie  strata  of  loose 
material.  The  greatest  depth  of  bed  rock  was  found  to  be  66  feet,  and  the 
deepest  hole  was  put  down  to  the  depth  of  128  feet.  The  bed  rock  was  found 
to  be  soft  but  continuous.  It  is  quite  possible  that  bed  rock  at  less  depth  could 
be  found  at  other  places  In  the  canyon,  but  under  existing  conditions  It  was  con- 
sidered Inadvisable  to  make  any  further  expenditure  of  funds,  largely  because 
the  prospect  of  constructing  the  dam  appears  quite  remote.  On  both  abutments 
the  bed  rock  Is  exposed. 
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Contour. 

Area. 
Acres. 

Capacity. 

Feet, 

Acre-feet. 

6,090 

2 

7,000 

8 

50 

7,010 

17 

175 

7,020 

65 

585 

7,030 

146 

1,640 

7,040 

333 

4,0B5 

7,050 

711 

9.255 

7,030 

1,239 

19,005 

7,070 

1,806 

34,230 

7,080 

2,411 

65,816 

7,090 

8,223 

88,485  ^ 

7,100 

4,060 

119,850 

7,110 

a  160,000 

7,120 

a  205, 000 
a260,000 

7,130 

•  Survey   carried  only   to   7,100   coutour ;    higher   capacities   estimated   from   capacity 
curve. 


The  city  of  Los  Angeles  has  obtained  options  for  the  purchase  of  about 
60,000  acres  of  riparian  land  on  Owens  River,  including  some  irrigated  farms. 
Options  have  also  been  obtained  on  certain  canals  and  on  water  rights.  The 
lands  contracted  for  are  mostly  in  the  southern  iwrtion  of  Owens  Valley,  but 
also  include  lands  in  the  Long  Valley  reservoir  site.  The  dam  site  is  on  public 
land,  withdrawn  under  the  first  form.  The  question  as  to  the  purchase  of  lands 
in  Owens  Valley  by  the  city  of  Los  Angeles  was  decided  in  the  affirmative  at 
the  bond  election  held  In  that  city  on  Septeml)er  7,  1905. 

Because  of  the  possibility  of  a  conflict  with  the  city  of  Los  Angeles  In  con- 
nection with  Owens  River,  a  board  of  engineers  was  appointed  by  the  chief 
engineer  to  consider  the  Owens  River  project.  This  board,  consisting  of  W.  H. 
Sanders,  L.  H.  Taylor,  and  D.  C.  Ilenny,  met  In  San  Francisco,  July  26,  100r>, 
to  define  a  policy  with  reference  to  the  Owens  Valley  proj^t.  As  a  result  of 
their  rfeport,  and  of  further  consideration  on  the  part  of  the  chief  engineer  and 
of  the  Secretary  of  the  Interior,  It  has  been  decided  that  surveys  have  been 
carried  to  the  point  where  the  principal  physical  features  are  known,  and  It  Is 
not  considered  desirable  to  si>end  further  funds  until  the  legal  questions  relative 
to  the  situation  are  better  understood.  It  having  been  decided  that  the  Depart- 
ment could  await  more  definite  Information  without  sacrificing  the  Interests  of 
the  Reclamation  Service. 

YUMA  PROJECT,  a 

Detailed  Information  concerning  the  general  plans  and  Irrigable  lands  of  this 
project  are  given  In  the  Third  Annual  Report  of  the  Reclamation  Service.  The 
estimated  cost  of  the  project,  as  given  In  these  reports,  Is  $3,000,000,  which  sum 
was  set  aside  by  the  Secretarj'  of  the  Interior  when  the  project  was  adopted. 
The  amount  of  valley  lands  which  will  be  Irrigated  Is  estimated  at  about  90,000 
acres. 


•See  Pi.  XII,  Third  Annual  Report  Reclamation  Service. 
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During  the  spring  und  early  summer  of  1905  active  work  was  partly  sus- 
pended on  the  project  on  account  of  the  floods  which  submerged  the  greater  part 
of  lands  in  the  Yuma  and  Gila  valleys.  These  floods  have  shown  clearly  the 
necessity  of  constructing  works  which  shall  give  complete  control  of  the  river 
and  the  Importance  of  constructing  a  settling  basin  for  handling  the  silt  prob- 
lem, so  that  undue  quantities  of  this  material  will  not  be  carried  Into  the  canals. 
The  Laguna  dam,  as  planned.  Is  Intended  to  form  a  basin  In  which  the  velocity 
of  the  water  will  be  checked  and  the  greater  portion  of  the  silts  allowed  to 
settle.  The  water  for  the  canals  will  be  drawn  from  the  surface,  where  it  Is 
comparatively  free  from  silt.  The  water  of  the  river  will  be  raised  about  10 
feet  at  the  dam.  This  will  back  the  water  up  the  stream  about  10  miles  and 
form  a  reservoir  averaging  about  1  mile  wide.  The  total  length  of  the  dam  is 
4,780  feet.  Its  section  is  of  the  Indian  weir  type,  with  a  maximum  width  at 
base  of  257  feet,  and  a  maximum  height  of  19  feet. 

The  valley  lands  will  be  protected  from  Inundation  by  means  of  dikes  on 
either  side  of  both  the  Colorado  and  Gila  rivers.  These  dikes  will  be  4,000  feet 
apart  on  the  Colorado  and  3,200  feet  apart  on  the  Gila.  They  will  be  8  feet  wide 
on  top  with  slope  of  3  to  1  on  the  river  and  2  to  1  on  the  land  side.  Their 
average  height  will  be  7i  feet.  About  73  miles  of  dikes  are  required  to  protect 
all  of  the  valley  lands  from  inundation. 

In  July,  1905,  after  the  summer  floods  hr.d  subsided,  work  leading  to  the 
preparation  of  final  plans  and  the  beginning  of  actual  construction  work  on  the 
project  was  begun. 

LAGUNA  DAM.  a 

On  March  17,  1905,  bids  for  the  construction  of  the  Laguna  dam  were  oi)ened 
at  the  office  of  the  supervising  engineer  In  Los  Angeles.  On  account  of  delays 
in  receiving  bids,  caused  by  extensive  floods,  these  bids  were  rejected  by  the 
Secretary  of  the  Interior  and  the  work  was  readvertlsed.  The  following  bids 
for  this  work  were  opened  in  Los  Angeles  June  5,  1905 : 

Bids  on  construction  of  Laguna  dam. 


Excavation. 

Plachoff  rock  in  dam: 
305,000  cubic  yards. 

Bidder. 

Class  l:905,000cnbic 
yards. 

Class  2:  282,000  cubic 
yards. 

Price  per 
yard. 

Price 

per 

yard. 

Amount. 

Price  per 
yard. 

Amount. 

Amount. 

J.  G.  White  &  Co.,  43  Ex- 
change place.  New  York . . . 

Burrell     Construction    Co., 
Oakland.  Cal 

$1.80 

i.ao 

1.30 
1.23 

$396,500.00 

366,000.00 
396,600.00 

876,150.00 
320,250.00 
381,250.00 
820,250.00 
427,000.00 

$0.30 

.60 
.28 

.38 
.63 
.50 
.30 
.40 

$84,600.00 

160,200.00 
64,860.00 

107,160.00 
177,660.00 
141,000.00 
84.600.00 
112,800.00 

$0.86 

.00 
.50 

.40* 
.28 
.40 
.70 
.60 

$106,750.00 
27,450.00 

P.  McDonnell,  Dnluth,  Mmn. 

City  Street  Improvement  Co., 
512    Mills    Building,    San 
BYandsco,  Cal 

162,600.00 
128,526.00 

Cotton  Bros.  &  Co.,  Oakland, 
Cal              

1.05 

85,400.00 

R.  W.  PaHs,  Faris-Kesl  Con- 
tract Co.,  Boise,  Idaho 

Pacific  Construction  Co.,  San 
Francisco,  Cal 

1.25 
1.06 
1.40 

122,000.00 
218,500.00 

N.  8.  Sherman    Machinery 
Co.,  Oklahoma  City,  Okla.. 

188,000.00 

«  See  IM.  XV,  Third  Annual  Report  Reclamation  Service. 
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Bids  on  construction  of  Laguna  dam — Continued. 


Bidder. 


Laying  pave- 

.      ment:  80,0()0 

square  yards. 

Price! 
per  I 
yard. 


Concrete:  27,160 
cubic  yards. 


J.  G.  White  &  Co.,  45  Ex    i 

change  place,  New  York ...  $1. 00 

Burrell    Construction    Co., 
Oakl«nd,Cal 90 

P.  McDonnell,  Dulnth,  Minn .  1 .  00 

City  Street  Improvement  Co. , ' 
bit    Mills    Building,  San  | 

Francisco,  Cal 1.00 

Cotton  Bros.  &  Co.,  Oakland, 

Oal I  1.12 

R.W.  Paris,  Faris-Kesl  Con- 
tract Co.,  Boise,  Idaho 1.00 

Pacific  Construction  Co.,  San 

Francisco,  Oal 1.60 

N.  8.  Sherman  Machinery 

Co.,  Oklahoma  City,  Okla  . .  2. 00 


BO, 


80i 


80, 


120, 


lao, 


Price 

lount. 

per 
yard. 

000.00 

$4.00 

000.00 

5.00 

000.00 

4.00 

000.00 

4.66 

eoo.oo 

5.60 

000.00 

4.00 

000.00 

4.00 

000.00 

4.45 

Amount. 


1108,600.00 

135,750.00 
106,600.00 


Furnishing  and 

driving  of  sheet 

piling:  53,000 

linear  feet. 


Price 
foot. 


$0.40 

.55 
.40 


126,247.60  .32  A 

I 

149,325.00  I  .48 

108,600.00  .55 

t 

108,600.00  I  .in 

120,817.60  .50 


Amount. 


$21,200.00 

29,150.00 
21,200.00 


Total. 


$797,650.00 

799,550.00 
823,660.00 


.1 


17,487.00  ^  829,519.50 

25,440.00  j  847,675.00 

29,160.00  862,000.00 

19,610.00  ,  866,560.00 

i 

26,500.00  '  1,090,117.50 


The  contract  was  awarded  to  J.  G.  White  &  Co.,  who  began  work  July  20,  1905. 
The  preliminary  operations  consist  of  clearing  the  right  of  way  and  excavating 
for  foundations.  Up  to  September  30,  1905,  the  contractors  had  excavated  over 
35,000  cubic  yards  of  earth  and  cleared  about  70  acres.  The  foundation  material 
across  the  valley  on  the  line  of  the  dam  consists  of  a  hard,  sandy  silt  and  Is  con- 
sidered favorable  for  the  kind  of  structure  planned. 

The  contractors  are  Installing  a  plant  for  handling  the  work  on  a  large  scale. 
Thi»  consists  of  railway  tracks  equipped  with  a  locomotive  and  cars  for  haul- 
ing rock  to  the  dam,  power  excavators,  concrete  mixers,  and  steam  rock  drills. 
The  camp  will  be  equipped  with  a  complete  water-supply  system  for  distilled 
water,  electric-lighting  plants  for  continuous  work,  and  telephone  system. 
Stores  have 'been  established  at  the  dam  site,  and  material  for  construction  Is 
rapidly  being  delivered.  All  supplies  and  material  which  are  shipped  to  the 
dam  site  are  carried  from  Yuma  by  boat  up  the  river.  The  time  allowed  for 
the  completion  of  the  dam  is  two  years  from  the  date  of  the  signing  of  the  con- 
tract by  the  Secretary  of  the  Interior, 

GILA  CROSSING.a 

The  capacity  of  the  Gila  crossing,  plans  for  which  are  now  being  prepared, 
will  be  the  same  as  that  of  the  main  canal,  namely,  1,300  second-feet.  This 
crossing  will  be  an  Inverted  siphon  3,200  feet  long,  consisting  of  four  steel 
concrete  pipes,  each  10  feet  0  Inches  inside  diameter.  The  pipes  will  be  sunk  to 
a  depth  of  about  3  feet  clear  below  the  bed  of  the  river. 

GILA  VALLEY. 

The  nnusual  spring  floods  of  the  Gila  River  have  materially  changed  the 
topography  of  the  valley  and  have  altered  the  course  of  the  river's  channel  at 
the  site  selected  for  the  Gila  crossing.    This  has  required  the  making  of  a  new 


a  See  PI.  XVI,  Third  Annual  Rejiort  Reclamation  Servire. 
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topographic  survey  of  about  30  square  miles  in  the  valiey.  This  survey  was 
made  during  August  and  September.  A  reiocation  of  al>out  10  miles  of  the 
main  canal  across  the  Gila  Valley  is  now  being  made.  The  capacity  of  this 
main  canal  for  present  construction  has  been  fixed  at  1,300  second-feet,  the 
capacity  required  for  the  valley  lands. 

DIKES. 

Bids  for  the  construction  of  al>out  10  miles  of  dikes  below  Yuma  were  opened 
at  Los  Angeles  on  August  17,  19a5.  This  contract  involves  the  excavation  and 
placing  of  445,000  cubic  yards  of  earth  and  the  clearing  of  125  acres  of  right  of 
way.    Bids  received  were  as  follows: 

Bids  received  for  the  construction  of  dike  in  Yuma  Valletf. 


Excavation: 

446,000  cubic 

yards. 

Over- 
haul: 
Price 

per 
cubic 
yard, 

100 
feet. 

Clearing  and 
grubbing:  126 

Bidder. 

Price 

cSwc  Amount. 

yard. 

Price 
per 
acre. 

Amount. 

Total. 

Remarks. 

Miller  &  Peaeley,  233  Wil- 
cox Buildinff,  Loe  An- 
geles, Cal. 

Do 

1 
|0.13«$e0,075.00 

.14     62,800.00 

$0.01 
.01 

$50.00 

100.00 
85.00 

90.00 

15.00 

26.00 

$6,260.00 

12,500.00 
10,626.00 

ll,iB0.00 

1,876.00 

3,125.00 

$66,826.00 

EnUre  schedule. 
One  or  more  items. 

Grant  Bros.  Construction 
Co..  e04  Trust  Building, 
Los  Angeles,  Cal. 

J.  G.  White  &  Co.,  43  Ex- 
change nlace,  New  York 

ShatTuck  Desmond  Ware- 
house Co.,   Ninth  and 
Alameda    streets,    Los 
Angeles,  Cal. 

Do 

.17  ,  75,650.00J      .02* 
.18     80,100.00      .01 

!       1 

.211   96,787.50       .02 
.30  'l33,rj00.00      .04 

86,275.00 
91,360.00 
98,662.50 

Entire  schedule. 
Do. 
Do. 

One  or  more  items. 

QATE&. 

The  plans  for  t^e  sluice  gates  for  the  Laguna  dam  are  completed  and  have 
been  approved  by  the  board  of  consulting  engineers.  They  are  to  be  four  In 
number,  three  of  them  on  the  Arizona  side,  of  Stoney  type,  each  33  feet  4  inches 
wide  by  18  feet  high,  operated  by  electric  motors.  The  gate  on  the  Cali- 
fornia side  will  not  be  installed  for  the  present  The  plans  for  the  regulator 
gates  are  finished  and  ready  to  be  submitted  to  the  board.  The  latter  plans 
provide  for  steel  gates,  each  33  feet  0  inches  wide,  of  the  shutter  type,  to  be 
or)erated  by  hand.  The  capacity  of  the  regulator  gates  is  such  that  the  main 
canal  can  be  filled  by  drawing  but  from  1  to  1.05  feet  deep  from  the  surface  of 
the  water  In  the  settling  basin.  Alternate  plans  for  fiashboard  regulation  have 
been  drawn. 

PURCHASE  OF  CEMENT. 

Owing  to  immediate  needs  for  cement  on  the  construction  of  the  Laguna  dam, 
authority  was  obtained  from  the  Secretary  of  the  Interior  for  the  purchase  In 
open  market  for  immediate  delivery  of  2,000  barrels  of  cement  The  price  paid 
for  this  cement  delivered  on  board  cars  at  the  factory  at  Tolenas,  Cal.,  is  $1.50 
per  barrel. 


Digitized  by  VjOOQ IC 


CALIFORNIA:    YUMA   PROJECT. 


101 


On  September  30  bids  were  opened  for  the  purchase  of  between  30,000  and 
40.000  barrels  of  cement,  to  be  delivered  as  the  needs  of  the  work  may  require. 
The  bids  received  on  this  proposal  were  as  follows: 

Bids  for  cement  for  Lag  una  dam. 


Name  of  bidder. 


Pacific  Portland  Cement  Co.,  San  Francisco,  Cal 

Western  States  Portland  Cement  Co.,  Independence,  Kana . 

Western  Pnel  Co.,  San  Francisco,  Cal 

California  Portland  Cement  Co.,  Los  Angeles,  Cal 


Delivered  on  board  cars  1  ^J^ 


Tolenas,  Cal |     $1.55 

lYuma I       4.10 


[Independence,  Kans. 
Napa  Junction.  Cal . 
Colton.Cal 


1.26 
1.60 
2. 4  J 


The  lowest  bid,  based  on  cost  of  cement  f.  o.  b.  Yuma,  is  that  of  the  Pacific 
Portland  Cement  Company,  the  cost  of  whose  cement  to  the  Government  a^ 
Yuma  will  be  $2.82  per  barrel. 

PRIVATE  CANALS. 

The  floods  of  the  past  winter  and  spring  have  deposited  large  quantities  of 
silt  over  the  valley  lands  below  Yuma  and  have  filled,  to  a  great  extent,  both 
the  Farmers'  and  the  Ludy  gravity  canals.  In  addition  the  level  of  the  Colorado 
River  seems  to  have  fallen  about  2  feet,  and  the  water  surface  in  the  river  is 
now  about  5  feet  below  the  bottom  of  both  these  canals.  The  gravity  canals 
have  been  dry  all  summer,  and  large  areas  of  the  farming  lands  in  the  valley  are 
now  without  water.  The  Farmers'  pump  canal,  which  is  on  a  higher  level  than 
the  other  canals  and  of  sufficient  elevation  to  deliver  water  to  the  lands,  is  now 
being  operated. 

Negotiations  for  the  sale  of  the  Farmers'  canals  to  the  United  States  for 
use  in  connection  with  the  Yuma  project  are  now  pending  between  the  owners 
of  the  canals  and  the  officers  of  the  Reclamation  Service.  Satisfactory  terms 
for  the  sale  of  the  Ludy  canal  have  not  yet  been  reached  on  account  of  the 
price  asked. 

RIGHTS  OF  WAY. 

Rights  of  way  are  gradually  being  obtained  for  all  lands  in  the  Laguna 
reservoir  site.  All  private  properties  in  this  area  in  Arizona  are  claims  on 
unsurveyed  lands.  These  are  largely  desert-land  entries,  though  some  are 
homestead  and  a  few  are  mining  claims. 

An  agreement  has  been  reached  and  has  been  approved  for  the  purchase  of 
the  Sass  mining  claims  for  .^«>,000.  The  left  abutment  of  the  Laguna  dam  and 
the  spillway  are  on  these  claims. 

Rights  of  way  for  the  12  miles  of  dikes  below  Yuma. have  nearly  all  been 
obtained. 

WATER  USERS'  ASSOCIATION. 

The  Water  Users'  Association  has  secured  the  assignment,  under  the  terms 
of  the  reclamation  act,  of  98  per  cent  of  all  lands  held  In  private  ownership 
under  the  project.  These  assignments  provide  for  the  disposal  of  all  excess 
holdings  above  the  maximum  area  to  which  water  will  be  furnished  for  anv 
one  person. 
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The  contract  between  the  Water  Users*  Association  and  the  Secretary  of  tlie 
Interior,  by  which  the  association  agrees  to  collect  all  moneys  due  from  the 
water  users  and  pay  them  to  the  Secretary  of  the  Interior  under  the  terms  of 
the  reclamation  act,  has  been  signed  by  the  officers  of  the  association  and  sub- 
mitted to  the  Secretary  for  approval. 

EXPENDITURES. 

The  total  expenditure  on  the  Yuma  project  to  September  30,  1905,  for  pre- 
liminary examinations  along  the  Colorado  River  from  The  Needles  to  the 
Mexican  line,  including  the  investigation  of  the  Imperial  Valley,  final  surveys 
of  the  canals,  etc.,  designs  of  the  Laguna  dam  and  Yuma  dike,  construction  of 
office  buildings,  quarters,  and  storehouses,  purchase  of  lands,  and  administra- 
tion amounted  to  $254,929.98. 

INVESTIGATIONS  IN  THE  IMPBRIAIi  VAIiliEY. 

GENERAL  STATEMENT. 

The  Imperial  Valley  is  situated  in  the  eastern  portion  of  San  Diego  County, 
Cal.,  between  the  Cuyamaca  or  Laguna  Mountains  on  the  west  and  a  high 
sandy  mesa  on  the  east  (See  PI.  IX.)  On  the  south  the  valley  is  bordered 
by  the  lands  of  Lower  California.  At  the  Mexican  boundary  the  valley  is  prac- 
tically at  sea  level.  From  this  point  the  slope  is  fairly  uniform  down  to  an 
elevation  of  287  feet  below  sea  level,  near  Sal  ton.  The  area  below  sea  level 
comprises  about  1,000,000  acres,  and  is  commonly  known  as  the  "  Salton  Sink." 

In  1901  work  was  begun  on^  the  project  for  supplying  water  from  the  Colo- 
rado River  to  be  used  for  irrigation  and  domestic  use  in  the  lands  of  the  Ina- 
l>erial  Valley.  Water  for  the  valley  was  diverted'  from  Colorado  River  near  the 
international  boundary  and  conveyed  through  Mexican  territory  a  distance  of 
approximately  GO  miles  and  thence  reconveyed  into  the  United  States,  where 
it  was  used.  The  organization  of  the  enterprise  consisted  of  the  Sociedad  de 
Irrigaci6n  y  Terrenos  de  la  Baja  California,  known  as  the  **  Mexican  Com- 
pany," the  California  Development  Company,  known  as  the  **  parent  company," 
and  the  various  mutual  water  companies.  The  Mexican  company  was  the 
owner  of  the  lands,  canals,  and  other  properties  situated  in  Mexico.  The 
stock  of  the  Mexican  company  was  owned  and  controlled  by  the  officers  of  tho 
California  Development  Company,  and  the  latter  company  made  contracts  with 
the  mutual  water  companies  for  the  delivery  of  water  to  them.  The  holders 
of  the  stock  in  the  mutual  companies,  which  represented  an  interest  in  the 
contract  with  the  California  Development  Company,  were  entitled  to  purchase 
water. 

A  main  canal  was  excavated  from  the  Colorado  River,  a  few  hundred  feet 
north  of  the  international  boundary,  a  distance  of  about  7  miles,  to  the  old 
channel  of  the  Alamo  or  Salton  River.  For  the  remainder  of  the  distance 
nearly  to  the  Imperial  Valley  this  old  channel  was  used  as  a  main  canal. 

Water  was  first  brought  into  the  Imperial  Valley  in  July,  1901.  During  the 
summer  months  of  1901  it  is  reported  that  1.500  acres  were  put  under  irriga- 
tion. This  was  increased  to  12,000  during  the  summer  of  1902,  and  still  fur- 
ther increased  in  1903. 

During  the  summer  of  1904  the  water  users  of  the  Imperial  Valley  requested 
the  officers  of  the  Reclamation  Service  to  consider  the  purchase  of  the  works 
of  the  California  Development  Company,  and  to  complete  the  system  under 
the  reclamation  act    This  request  was  based  upon  a  tentative  agreement  made 
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between  the  water  users  and  the  California  Development  Company,  providing 
for  the  sale  of  the  proi)erty  of  the  California  Development  Company  for  $3,000,- 
000,  a  portion  of  the  water  users  agreeing  informally  that  the  purchase  price 
and  the  cost  of  completing  the  system  should  he  borne  by  the  lands  of  the 
valley. 

WORK  ON  THE  PROJECT. 

In  August,  1904,  D.  W.  Murphy,  engineer,  was  assigned  to  the  work  of  mak- 
ing an  examination  of  the  Imperial  canal  system,  and  of  preparing  estimates 
of  the  cost  of  construction,  the  present  value,  and  the  cost  of  putting  in  perma- 
nent structures  and  completing  the  system. 

An  investigation  of  the  amount  of  good  irrigable  lands  in  the  valley  was 
also  made  at  this  time.  Gaging  stations  were  established  on  the  canals  of  the 
valley  and  a  hydrographer  was  placed  In  charge  to  determine  the  actual 
amount  of  land  Irrigated,  the  quantity  of  water  used,  the  amount  being  wasted 
into  the  Salton  Sea,  and  the  duty  of  water  In  the  valley.  The  purpose  of  these 
investigations,  in  addition  to  those  set  forth  in  the  resolution  of  Congress,  was 
to  determine  whether  the  general  conditions  in  the  valley  would  justify  the 
consideration  of  a  project  by  the  Reclamation  Service. 

IRRIGABLE  LANDS. 

The  amount  of  irrigable  lands  in  the  valley  was  based  upon  the  soil  survey 
of  the  Imperial  area  made  by  the  Department  of  Agriculture.  The  conclusions 
arrived  at  from  the  report  of  this  survey  and  from  field  examinations  is  that 
there  are  approximately  275,000  acres  of  irrigable  land  in  the  valley  suitable 
for  agricultural  purposes. 

CONSIDERATION  OF  THE  PROJECT. 

In  October,  1904,  the  chief  engineer  of  the  Reclamation  Service,  accompanied 
by  Senator  Bard,  Messrs.  Wisner,  Sanders,  Lippincott,  Bien,  Means,  and 
Murphy,  of  the  Reclamation  Service,  and  Messrs.  Holmes  and  Dorsey,  of  the 
Agricultural  Department,  made  an  inspection  of  the  valley.  The  question  of 
the  United  States  acquiring  the  canal  system  by  purchase,  to  be  completed 
under  the  reclamation  act,  was  later  considered  by  the  officers  of  the  Reclama- 
tion Service.  This  purchase  was  strongly  urged  by  many  of  the  water  users 
and  settlers  of  the  valley.  The  offer  to  sell  the  property  was  not  considered, 
because  the  Attorney-General  held  that  the  International  features  of  the  project 
were  prohibitory  under  the  law,  and  the  price  asked  was  also  considered 
excessive. 

LANDS  IRRIGATED  IN  THE  IMPERIAL  VALLEY. 

In  April,  1904,  an  examination  was  made  to  determine  the  amount  of  lands 
Irrigated  in  the  valley.  The  gross  area  under  irrigation  at  that  time  was 
GG,741  acres.  A  second  examination  was  made  In  September  of  the  same  year 
by  W.  V.  Hardy,  of  the  Reclamation  Service,  and  showed  the  total  area  Irri- 
gated at  that  time  to  be  30,017  acres.  A  second  examination  by  Mr.  Hardy  In 
March  and  April,  19(K),  gave  a  total  Irrigated  area  of  79,591  acres. 

DUTY  OF  WATER  INVESTIGATIONS. 

Investigations  for  the  determination  of  the  duty  of  water  for  different  crops 
were  begun  during  the  latter  part  of  1904.  These  Investigations  are  being  made 
on  both  the  clays  and  the  softer  soils  of  the  valley,  two  stations  being  main- 
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tained.  The  water  measureineuts  are  made  by  nieaus  of  rating  flumes,  upon 
which  weekly  gagings  are  made,  and  a  continuous  record  of  gage  readings 
talcen.  The  results  of  these  investigations  will  not  be  complete  until  a  full 
year's  record  Is  obtained. 

CANAL  MEASUREMENTS. 

Gaging  stations  have  been  maintained  on  the  Imperial  Canal  at  the  Colorado 
River  heading  and  on  all  canals  returning  to  the  United  States  at  the  inter- 
national boundary  in  the  Imperial  Valley.  The  amount  of  water  which  passed 
through  the  valley  and  was  wasted  into  the  Salton  Sea  by  the  channels  of 
New  and  Alamo  rivers  has  been  separately  measured.  The  results  of  measure- 
ments on  the  canals  entering  the  lmi)erial  Valley  are  shown  in  the  following 
table : 

Oaginy  of  the  canals  entering  the  Imperial  Valley  at  crossing  of  international 

boundary. 

[Volumes  in  second-feet.] 


Date. 


1904. 


July  14 

July  21 

July  23 

July  26 

July  29 

August  2 

Augusts 

August  10 

August  17 

August  28 

Au£rust26 

September  3 . . 
September  10. 
September  18. 
September  24. 
September  27. 

October  1 

Octobers 

Octobers 

October  15 

October  22 

October  29 

November  4  . . 
November  11  . 
November  18  . 
November  25  . 
December  2.... 

December  8 

December  15... 
December  22.. 


1906. 


January  3.. 
January  4.. 
January  11. 


Holt      Hemlock 
canal.       canal. 


62.0 


53.6 
48.4 
44.0 
43.0 
41.8 
50.0 
59.0 
56.0 
56.0 
60.0 
61.0 
37.0 
36.0 
83.0 
49.0 
41.0 
56.0 
48.0 
47.0 
80. 0 
86.3 
54.0 
50.0 
40.0 
82.0 
37.0 
27.0 
82.0 


19.5 


4.4 
6.4 
6.0 
3.6 
7.3 
4.4 
5.7 
5.0 
4.9 
4.3 
4.6 

11.5 
3.9 
4.5 

14.5 
6.4 
8.2 
8.8 

10. « 
8.1 
6.4 
8.0 
8.2 
8.0 
9.5 
6.3 
3.3 
1.8 


2.0 


Alamo    AlamitoH 
channel.,    canal. 


144.0 


115.0 
138.0 
177.0 
89.0 
36.5 
163.0 
219.-0 
200.0 
197.0 
230.0 
256.0 
136.0 
124.0 
135.0 
240.0 
123.0 
205.0 
182.0 
228.0 
157.0 
146.0 
152.0 
97.0 
86.0 
80.0 
107.0 
111.0 
80.0 


26.6 


24.3 
18.4 
26.3 

8.2 
13.3 

3.0 
17.7 
17.4 
15.6 
16.3 
21.0 
31.0 

8.3 
1.3.7 

8.4 
18.7 
86.0 
36.0 
28.0 
25.0 
23.0 
30.0 
35.0 
26.0 
22.0 
25.0 
26.0 
29.0 

80.0 


Bound- 
ary 
canal. 


102.0  . 


10.0 
10.0 
9.1 
12.7 
13.0 
10.5 
8.3 
11.9 
15.6 
13.2 
12.9 
7.5 
11.0 
9.9 
10.8 
10.0 
9.4 
5.9 
7.0 
7.0 
6.2 
6.6 
6.3 
6.2 
7.0 
4.8 
5.5 
4.0 

6.4 


Main 
canal. 


Total.a 


615.0 

642.0 

625.0 

508.0 

519.0 

652.0 

677.0 

656.0 

644.0 

660.0 

696.0 

717.0 

682.0 

662.0 

573.0 

660.0 

249.0 

474.0 

548.0 

642.0 

639.0 

G56.0  I 

598.0  I 

601.0  I 

680.0  I 

602.0  I 

586.0 

573.0 

661.0 

563.0  I 

439.0  I 


J 


39.0  !  8.6  I 

a  This  column  does  not  represent  total  discharge  into  Salton  Sea. 


524.0  I 


832.3 
819.2 
781.4 
758.5 
788.9 
786.9 
953.7 
'  959.8 
965.1 
1,049.8 
1,037.5 
885.0 
756.0 
756.0 
572.0 
672.0 
863.0 
921.0 
957.0 
876.1 
816.0 
851.6 
816.5 
768.2 
736.5 
753.1 
783.8 
709.8 

475.4 
123.5 
571.6 
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Gaging  of  the  canals  entering  the  Imperial  Valley  at  crossing  of  international 

boundary — Continued. 


Date. 


1905. 


January  12 

Janoary  18 

January  19 

January  25 

January  26 

February  2  ... 
February  9  . . . 
Fe'bruary  16  . . 
February  17  .. 
February  23  . . 
February  24  .. 

March  1 

MarchS 

March  13 

March  15 

March  20 

March  22 

March  27 

March  29 

Aprils 

Aprils 

April  10 

April  11 

April  17 

April  24 

Mayl 

Mays 

May  15 

May  22 

May  29 

June  5 

June  12 

June  18 

June  26 

Julys 

Julys 

July  10 

July  17 

July  24 

July  31 

Auf;u8t7 

August  14 

August  21 

August  28  — . . 
September  4 .. 
September  11 . 


Holt 
canal. 


3U.U 
28.0 


19.5 
18.1 
13.6 


40.0 


11.1 


61.0 


64.0 


118.0 


181.0 


21.0 


246.0 
256.0 
202.0 
143.0 
163.0 
169.0 
128.0 
150.0 
177.0 
57.0 
60.0 
6.9 


Hemlock 
canal. 


2.2 


9.5 


1.9 
7.4 
16.4 


12.6 


17.2 


8.7 
13.2 
23.0 


20.0 


12.7 


36.0 

1.6 

6.4 

20.0 

18.6 

14.6 

12.1 

16.9 

2.1 

13.2 

21.0 

7.2 


6.1 

5.8 

4.8 

4.2 

30.0 

«212.0 

«90.1 

133.0 

181.0 


17.9 

16.9 

.8 

7.9 
12.7 
17.4 

9.8 
.7.3 

4.4 


Alamo    Alamitoa'  ^^v*^"       ^^^^ 
channel.  I   canal.    |    ^q^|        canal. 


121.0  I 


136.0 


54.0 
84.0 
123.0 


221.0 
39.0 


616.0 


{<') 


(«') 


487.0 


711.0  ' 


713.0  I 

683.0 
874.0  j 


15.1 


I 


12.9 
13.6 
1.0 


16.8 


16.7 

9.1 

.0 


.0 


24.0 


44.0 


50.0 
67.0 
40.0 
26.0 
28.0 
89.0 
86.0 
38.0 
36.0 
87.0 
30.0 
88.0 


34.0 
33.0 
34.0 
33.0 
83.0 
22.0 
22.0 
24.0 
31.0 
39.0 


8.9 


7.8 


9.1 
8.8 


6.1 
8.3 


10.0    I 


.0 


'.8    I 


6.2 
8.5 


10.4 
11.7 
13.0 
6.1 
7.5 
6.1 
6.1 
8.0 
8.4 
.22 
11.0 
7.5 
6.4 


.1. 


4.8 
4.2 


567.0 


610.0 
507.0 


485.0 
472.0 
447.0 


505.0 
.0 


.0 


675.0 


?^.0 
735.0 
725.0 
648.0 
623.0 
586.0 
562.0 
596.0 
566.0 
575.0 
540.0 
571.0 
572.0 


TotaLa 


410.0 


661.0 


667.0 
6S2.0 


6.6 

583.0 

5.3 

580.0 

6.2 

556.0 

5.7 

562.0 

5.7 

640.0 

4.8 

636.0 

8.8 

658.0 

1      •» 

/.o 

153.2 

591.0 

173.6 

7.8 

506.8 

630.2 

162.2 

485.0 

767.4 

465.S 

83.0 

614.1 

.0 

675.7 

.0 

77.2 

417.8 

141.0 

<181.2 

638.0 

727.5 

744.7 

780.4 

1,798.7 

1,085.6 

1,671.6 

1,096.5 

812.7 

786.6 

779.1 

777.3 

791.8 

651.2 

685.5 

502.5 

34.0 

628.8 

641.9 

628.2 

630.4 

626.9 

819.1 

660.6 

712.1 

736.2 

.0 


a  This  column  does  not  represent  total  discharge  into  Salton  Sea. 

b Station  inaccessible  account  of  high  water. 

c  Water  overflowing  banks. 

(fMay  15  to  June  12,  river  overflowing  banks.    No  gagings  made. 

<  Combined  discharge  of  canal  at  regular  station  and  at  point  1  mile  below. 

/Canal  broken. 
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The  water  wasted  into  the  Salton  Sea  is  shown  by  the  following  table: 
Gagings  of  canals  discharging  water  into  the  Halton  Sea. 
[Volumes  in  Becond-feet.] 


Date. 


New 
River." 


October  10 

Octoljer  11 

October  18 

October  19 

October  31 

November  1 . . 
November  9... 
November  15.. 
November  Ift. 
November  22. 
November  24. . 
November  30 . 
December  6... 
December  18. . 
December  24.. 


January  7 

January  14... 
January  21... 
January  28... 
February  4 . . 
February  11 . 
February  20 . 
February  21 . 
February  25 . 

March  3 

March  11.... - 

March  17 

March  25 

March  30 

Aprils 

Aprill3 

April  19 

April  26 

May3 

May  10 

May  17 

May  24 

May  81 

June? 

June  14 

June  21 

June28 

Julys 

July  6 

July  12 

July  13 


lan. 


206 


380 


381 


318 


Alamo 
channel 
at  Rock- 
wood. 


270  ' 


1905. 


311  ' 

231 

257 

301 

254 


500 
468 


1,0 


1,507 
1,625 
2,403 
2,110 
2,108 
1,311 
1,960 
1,470 
1,151 
1,115 
2,251 
2,091 
2,186 
2,560 
3.023 
3,071 
4,054 
4,244 
4,984 


11,943 
13,645 


59 
49 
117 


81 


40 
a05 

77 
112 
151 

61 
530 


94 

387 

1,088 

1,379 

1,806 

1,443 

635 

602 

772 

1,632 

1,044 

1,770 

900 

1,602 

1,092 

2,110 

3,644 

5,348 

3,258 


Other 
canals.fr 


4,234 


3,032 


77 


Total.0 


806 
48 
426 

77 
881 
U7 
867 
118 
270 

84 
811 
804 


298 


281 
774 
545 

m 

748 
1,000 
530 
1,507 
1.719 
2,790 
3,198 
3.487 
8,117 
3,408 
2,105 
1,843 
1,887 
2,888 
8.136 
3,006 
3,540 
4,585 
4,768 
6,164 
7.888 

10,382 
8,258 

11,948 
4.284 

18,645 
8,982 


a  Observations  to  June  28. 1905  made  at  Brawley;  from  July  5  to  September  13  at  Oalexico. 

t>  Figures  for  1904  relate  to  Canal  No.  5,  at  Bernice. 

e  Tnid  column  does  not  represent  total  discbarge  into  Salton  Sea. 
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Oagings  of  canals  discharging  water  into  the  Salton  Sea — Continued. 


Date. 


New 
River. 


Alamo 
channel 
at  Rook- 
wood. 


Other 
canals. 


Total.a 


1905.  I 

July  18 1      18,2354 

July  19 


July  25 10,087 

July  28 ' 

Augrustl j       8,221 

August  2 ' 

August  8 1       6,631 

Augusts ] 

Augustl5 : I       6,997 

Augrust  16 : ! 

August  22.- I       5,529 

August  23 

August  29 '       4,308 

August  30 J.J 

Septembers 

September  6 

September  12 

September  13 


3,830 


1,892 


325 

3,501 

818 

3,104 

321 

3;ri)i 

2,815 

2,874 

815 

2,439 



2,609 

2,115 

250 

b3,500 

13,540 
3,501 

10.355 
3^104 
8,542 
3,551 
6,531 
2,815 
6,997 
3,189 
5,529 
2,439 
4,806 
2,609 
3,830 
2,365 
1,892 
3,500 


a  This  colunm  does  not  represent  total  discharge  into  Salton  Sea. 
b  Estimated.    Station  wrecked. 

PRESENT  CONDITION  COLORADO  RIVER  HEADING. 

The  original  diversion  of  the  Imperial  canal  at  the  Colorado  River  was  made 
in  the  United  States  a  short  distance  above  the  international  boundary.  Later 
a  second  diversion  was  made  immediately  below  the  boundary  line,  and  in 
October,  1904,  a  third  diversion,  heading  4  miles  farther  down  the  river,  was 
made.    None  of  these  canals  have  head-gates. 

The  heavy  flood  discharge  of  the  Colorado  River  during  the  winter  and  spring 
of  1905  caused  an  erosion  of  the  latter  heading.  No.  3.  On  June  1  the  amount  of 
water  being  diverted  through  this  heading  was  4,498  second-feet,  and  the  total 
diversion  into  the  Imperial  canal  system  was  6,737  second-feet.  At  this  time 
the  total  discharge  of  the  Colorado  River,  as  measured  at  Yuma,  was  approxi- 
mately 60,000  second-feet.  On  June  23  the  discharge  of  heading  No.  3  was  6,883 
second-feet,  the  total  discharge  into  the  canal  system  was  10,142  second-feet, 
and  the  river  discharge  was  over  90,000  second-feet. 

As  the  flood  of  the  Colorado  receded  the  proportion  of  the  river  diverted  to 
the  canal  increased  rapidly,  and  measurements  made  on  September  22  and  23 
showed  that  with  a  total  river  discharge  of  6,063  second-feet  at  Yuma,  only  175 
second-feet  were  discharging  down  the  main  channel  of  the  river  below  the 
canal  heading.  This  shows  that  over  97  per  cent  of  the  entire  Colorado  River 
was  then  flowing  into  the  canal. 

Efforts  have  been  made  to  check  this  flow  and  divert  the  water  back  to  the 
river  channel  by  means  of  pile-and-bnish  dams;  these  have  been  unsuccessful. 
An  attempt  is  now  being  made  by  the  California  Development  Company  to  con- 
struct a  head-gate  in  tlie  canal  below  the  diversion  point,  so  that  the  waters  may 
be  turned  back  into  the  river  channel.  The  grade  of  the  canal  from  the  heading 
to  the  Salton  Sink  is  over  three  times  as  steep  as  that  of  the  river  l>elow  the 
heading  and  the  flow  of  this  large  quantity  of  water  through  the  canal  has 

H.  Doc.  86, 59-1 8 
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eroded  a  channel  about  600  feet  wide  below  the  diversion  point  and  has  cut  out 
the  bed  of  the  canal  so  that  it  Is  several  feet  below  the  bed  of  the  river  channel 
farther  downstream.  The  discharge  of  this  water  into  the  Salton  Sea  has 
caused  it  to  rise  so  high  that  it  has  submerged  about  20  miles  of  the  main  line 
of  the  Southern  Pacific  Company's  tracks.  Should  the  river  not  l>e  diverted  to 
its  old  channel  and  the  entire  flow  of  the  Colorado  River  be  allowed  to  discharge 
into  the  Salton  Sea,  that  body  of  water  will  gradually  rise  until  the  Imperial 
Valley  is  finally  submerged. 

SHASTA  VAX-TiEY  IN^^ESTIGATIONS. 
LOCATION. 

Reconnaissance  surveys  to  determine  the  amount  of  irrigable  land  and  the 
collection  of  data  for  preliminary  study  of  the  feasibility  of  an  irrigation  pro- 
ject in  the  Shasta  Valley  were  made  during  the  summer  of  1905  by  Mr.  W.  D. 
Williams,  assistant  engineer. 

This  valley  extends  northward  from  the  base  of  Mount  Shasta,  in  Siskiyou 
County,  Cal.  The  main  valley  lies  at  an  elevation  of  between  2,000  and  3,000 
feet,  and  Is  traversed  by  Shasta  and  Little  Shasta  rivers. 

Shasta  River  rises  in  the  high  mountains  west  of  Mount  Shasta,  fiows  north- 
westward, and  empties  into  Klamath  River  below  Klamathon,  on  the  lower  or 
western  side  of  the  valley.  Little  Shasta  River  rises  north  of  Mount  Shasta 
and  flows  westward,  emptying  Into  Shasta  River  above  the  point  where  that 
stream  unites  with  Klamath  River.  These  two  streams  divide  the  valley  into 
two  sections,  known  as  the  Shasta  and  Little  Shasta  vallej's. 

The  main  line  of  the  Southern  Pacific  Company  traverses  the  center  of  the 
valley  north  and  south,  and  affords  excellent  railroad  facilities.  The  prin- 
cipal towns  are  Montague  and  Yreka.  Yreka,  the  county  seat  of  Siskiyou 
County,  is  on  the  western  side  of  the  valley  and  is  connected  with  the  South- 
em  Pacific  Railway  at  Montague  by  the  Yreka  Railroad,  a  branch  line  6  miles 
long. 

CLIMATE,  SOIL,  AND  CROPS. 

The  climate  Is  semlarld.  The  precipitation  records  kept  at  Yreka  for  the 
past  twenty-nine  years  show  a  mean  annual  rainfall  of  17.C  inches,  which  is 
believed  to  t)e  slightly  in  excess  of  the  average  rainfall  throughout  the  valley. 
The  period  of  rainfall  Is  confined  practically  to  the  nine  months  from  October 
to  June,  inclusive,  the  average  annual  rainfall  for  the  remaining  three  months 
being  only  one-half  inch. 

The  temperature  varies  from  DO**  to  llO**  F.  In  summer.  The  winters,  which 
are  mild,  are  followed  by  occasional  late  frosts,  which  in  the  past  have  seri- 
ously affected  the  fruit  industry.  The  soil  is  diversified.  That  of  the  west- 
ern portion  of  the  main  valley  and  the  greater  part  of  Little  Shasta  Valley 
is  a  heavy  adol>e,  deposited  to  a  considerable  depth  over  an  irregular  bed  of 
lava;  that  of  the  eastern  portion  of  the  main  valley  is  a  sandy  loam,  while 
that  of  the  southern  portion  of  the  Little  Shasta  Valley,  locally  known  as  "  The 
Cedars,"  is  principally  an  alluvial  deposit  derived  from  the  adjacent  hills,  the 
underlying  strata  being  a  mixture  of  pumice  and  lava  rock. 

The  principle  crops  grown  are  wheat  and  barley,  the  average  yield  for  these 
ranging  from  10  to  30  bushels  per  acre.  Alfalfa  lands,  when  Irrigated,  produce 
two  good  crops  and  pasture  for  the  remainder  of  the  season.  At  present  there 
are  about  5,000  acres  under  irrigation  in  the  Little  Shasta  Valley. 


Digitized  by  VjOOQ IC 


CALIFORNIA:    SHASTA   VALLEY.  109 


IRRIGABLE  LANDS. 


From  the  preliminary  surveys  it  is  estimated  that  there  are  70,600  acres  of 
land  In  the  valley  susceptible  of  irrigation.  Of  this  amount  65,600  acres  may 
be  irrigated  from  Klamath  River,  and  the  remaining  5,000  acres  from  Little 
Shasta  River  and  adjacent  springs. 

Water  for  the  valley  can  be  diverted  from  Klamath  River  in  Oregon  7  miles 
below  Shovel  Creek.  The  length  of  main  canal  required  to  the  first  diversion 
point  is  about  34  miles,  and  its  estimated  capacity  is  656  second-feet  The 
length  of  the  east  branch  canal,  for  supplying  water  to  the  Little  Shasta  Valley, 
is  about  24  miles,  and  its  estimated  capacity  is  336  second-feet.  These  capaci- 
ties are  based  upon  a  water  duty  of  100  acres  to  the  second-foot,  with  con- 
stant flow  during  the  irrigation  period, 

PRESENT  CONDITIONS. 

The  people  of  Shasta  Valley  desire  Government  irrigation,  and  are  willing 
to  comply  with  the  terms  of  the  reclamation  act.  An  examination  of  the 
records  show  that  practically  all  the  irrigable  lands  in  the  valley  are  held 
in  private  ownership. 

The  preliminary  estimate  of  the  cost  of  constructing  the  irrigation  system  is 
not  yet  fully  completed,  but  the  work  will  be  very  heavy  and  expensive,  and 
It  is  feared  that  for  the  present  the  cost  will  be  prohibitive. 
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OPERATIONS  IN  COLORADO. 

By  J.  H.  QuiNTON. 
UNCOMPAIIGRB  VAIiX-EY  PROJECT. 

Operations  on  the  Uncouipahgre  Valley  project  (PI.  X)  during  the  years  1902, 
1903,  and  1904  are  described  in  the  annual  reports  of  tlie  Reclamation  Service 
for  those  years. 

From  Novenil)er  1,  1904,  to  October  31,  1905,  the  woric  done  has  been  mainly 
that  of  construction,  with  surveys  on  certain  siKjcial  features  of  the  worli. 

SOUTH  CANAL. 

Early  in  November,  1904,  contracts  were  closed  with  Orman  &  Crook,  of  Pueblo, 
CJolo.,  for  the  construction  of  sections  3,  4,  and  5  of  the  south  canal ;  with  the 
Knowlton  &  Bollen  Construction  Company,  of  Fort  Collins,  Colo.,  for  sections  1, 
2,  7,  8,  and  9,  and  with  Kellogg  &  Worley,  of  Gunnison,  Colo.,  for  section  G. 
Orman  &  Crook  completed  their  work  in  April,  1905.  The  Knowlton  &  Bollen 
Construction  Company  completed  their  wx)rk  in  June,  1905.  .Kellogg  &  Worley 
completed  their  work  in  September,  1905.  The  total  contract  price  of  the  nine 
sections  was  $84,493.50. 

On  August  28,  1905,  bids  were  received  on  sections  10-21,  Inclusive.  The  bids 
received  are  given  below.  The  contract  for  the  entire  twelve  sections  was 
awarded  to  Orman  &  Crook,  of  Pueblo,  Colo.,  at  a  total  estimated  price  of 
$513,365.  The  cement  for  the  structures  Is  to  be  furnished  by  the  United 
States  and  will  cost  about  $60,000.  About  4,300  feet  of  this  canal  remain  to 
be  completed,  at  a  probable  cost  of  $15,000,  making  the  total  cost  for  the  entire 
canal,  including  engineering  expenses,  about  $690,000.  Views  of  the  south 
canal  are  shown  on  PI.  XI,  and  sections  of  the  canal  and  structures  are  shown 
on  Pis.  XII,  XIII,  and  XIV. 
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SOUTH   CANAL,    UNCOMPAHGRE  VALLEY    PROJECT,    COLORADO. 
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GUNNISON    TUNNEL. 

Under  proposals  received  on  October  5,  1904,  a  contract  for  the  construction 
of  the  Gunnison  tunnel  was  drawn  with  the  Taylor-Moore  Construction  Com- 
pany, of  HUIsboro,  Tex.  This  company  experienced  some  difficulty  in  procuring 
an  acceptable  bond,  but  the  contract  was  signed  by  the  Secretary  of  the  Interior 
in  January,  1905.  On  January  11.  1905,  the  representatives  of  the  company 
began  work  at  the  Cedar  Creek  portal  of  the  tunnel.  They  carried  on  the  work 
until  May  27,  on  which  date  the  contract  was  abandoned.  The  work  was 
taken  up  by  the  officials  of  the  Reclamation  Service,  and  has  since  been  carried 
on  under  their  direct  management 

On  May  30,  a  cave-in  occurred  at  the  Cedar  Creek  end  of  the  tunnel,  by  which 
six  men  were  killed.  The  coroner's  jury  exonerated  all  persons  from  blame, 
and  ascribed  the  accident  to  unforeseen  and  unavoidable  conditions. 

On  September  2G  proposals  for  the  completion  of  the  tunnel  were  received. 
Three  bidders  submitted  proposals,  which  are  shown  below.  All  bids  were 
rejected,  and  orders  were  given  to  complete  the  work  under  Government  super- 
vision. 

Present  conditions  indicate  that  about  3,500  feet  of  the  tunnel  will  be  In  soft 
ground,  the  remainder  being  In  shale  or  harder  rock.  Under  the  Reclamation 
Service  the  power  equipment  has  been  brought  to  a  fair  state  of  efficiency,  but 
some  additional  i)ower  Installation  must  be  made  to  bring  the  work  to  com- 
pletion. It  is  estimated  that  power  installation  work  can  be  completed  by 
March  1,  1906. 

Bids  for  Gunnison  tunnel,  Vncompahgre  Valley  project. 


Tunnel. 


.T.G.  White*  Co., 
48  Exchange 
place.  New  York 
City,N.Y.a 


Kind  of  work. 


Quan- 
fity. 


Claael 

CIaa82 

ClaasS 

Clai»4 

Lining  with  concrete  the 
portion  of  tnnnel  already 
excavated: 

Classl 

ClaasS 

ClassS 

Cla884 


Excavation  for  enlarging 
tunnel  section:  Classee  1 
and  2 


Lin.  ft. 
11,600 
1,200 
10,000 
8,500 


1,500 

100 

1,400 

1,400 

Cu.yds. 
8,000 


Unit 
price. 


Total ' 1,541,100 


148.60 
62.00 
62.76 
61.00 


9.x 
11.60 
12.50 
17.00 

8.00 


Amount. 


$667,750 
62,400 
627.600 
213,600 


13,600 

1,150 

17,500 

28,800 

24.000 


John  McKechney  '  A.  J.  Raisch,   28 


&  Ck>.,  288  East 
Ohio  street, 
Chicago,  HI. 


Unit 
price. 


Amount. 


$66.00 
69.00 
68.59 
72.74 


4.00 
7.00 
13.68 
14.91 

7.00 


Montgomery 
street.  San  Fran- 
cisco, Cal. 


Unit 


price.  ^ 


Amount. 


$644,000 

70,800 

636,900 

254,500 


6,000 

700 

19,152 

20,874 

21,000 


$66.00 
76.00 
86.00 
95.00 


12.00 
17.00 
17.00 
17.00 

12.00 


$747,500 

90,000 

860,000 

332,500 


18,000 

1,700 

23.800 

23,800 

86,000 


1,678,016   2,123,300 


•  Figures  given  by  J.  G.  White  &  Co.  are  based  only  on  receiving  all  of  the  contract. 

WEST  CANAL. 

Plans  are  now  complete  for  the  construction  of  the  West  canal  from  Uncom- 
pahgre  River  to  Coal  Creek.  On  account  of  the  prevailing  high  prices  for  con- 
tract work,  it  has  been  decided  to  postpone  the  letting  of  this  work. 
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EAST  CANAL. 

Location  surveys  for  the  East  canal  were  completed  in  the  fall  of  1904. 
Further  work  has  been  iiostpoiied  until  this  canal  can  be  taken  up  in  the  regu- 
lar sequence  of  the  work  on  the  project.  • 

HEADQUARTERS. 

A  building  to  be  used  as  headquarters  has  been  completed  in  Montrose,  at 
a  cost  of  approximately  $5,000.  The  work  was  done  by  J.  J.  Kewin,  of  Mont- 
rose, Colo.,  under  a  contract  dated  June  28,  1905,  proiwsals  having  been 
received  on  May  17.  1905.  The  heating  plant  for  the  building  was  furnished 
by  the  Montrose  Hardware  Company,  of  Montrose,  Colo. 

LATERAL  SYSTEMS. 

Some  study  of  the  problem  of  unifying  existing  water  rights  has  been  made, 
and  negotiations  for  the  purchase  of  the  existing  common  carrier  canals  are 
now  pending.  The  problem  of  lateral  systems  will  be  considered  during  the 
coming  year. 

The  Water  Users*  Association  has  continued  its  organization,  and  has  lent  all 
necessary  aid  to  the  solution  of  such  problems  as  have  arisen  from  time  to  time. 

STREAM  MEASUREMENTS. 

Gaging  stations  have  been  maintained  throughout  the  year  at  three  stations 
on  the  Uncompahgre  River,  at  one  station  on  the  Cimarron  River,  at  three 
stations  on  the  Gunnison  River,  and  at  one  station  on  the  North  Fork  of  the 
Gunnison  River.  During  the  coming  year  it  Is  believed  that  stations  may  be 
relocated  and  a  number  of  them  abandoned,  with  a  corresponding  saving  of 
time  and  money. 

EXPENDITURES. 

The  total  expenditures  on  the  Uncompahgre  Valley  project  to  September  30, 
1905,  are  as  follows: 

Expenditures  on   Uncompahgre  Valley  project  to  Heptember  30,  1905. 

"  i 

Work.  C'Ontract*>r.  Amount. 


South  canal: 

Location  Rnrveysand  engineering  supervision $40,000.00 

Excavation '  Orman  &  Crook  ...'  33,500.85 

Do '  Knowlton&BoUen    41,010.38 

Do 1  Kellog&  Worley..     8,873.64 


Gunniaon  tunnel:  | 

Engineering  and  sujierviBion 

Materials ' 

Force  account ! 

Construction Taylor-Moore  . 

Plant,  including  office  supplies | 


$183,306.87 


15,000.00 
10,000.00 
80,000.00 

18,890.06 

128,890.06 

90,000.00 
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Esppenditurea  on  Unootnpahgre  Vallep  project  to  September  30,  1905 — Continued. 


Work 


Contractor. 


Amoant. 


Tannel  road: 

Locatioii  and  supervision 
Force  account 

Telephone 
Office  bnildng: 

Land  in  Montrose. 

Construction 


Preliminary  snryeys,  etc. 
,  Administration 


Total. 


450.00 
J.J.Kewin !    1,282.72 


1,712.72 
65,000.00 
19,401.04 

454,039.28 


KREMMIilNG  RESERVOIR  SITE.o 

One  of  the  largest  sites  for  the  storage  of  irrigation  water  which  has  been 
under  consideration  by  the  Reclamation  Service  Is  the  Kremmling  reservoir 
site,  on  Grand  Ulver,  named  after  the  small  town  of  Kremmling,  Colo.,  in  the 
lower  portion  of  the  basin.  Over  1,000,000  acre-feet  of  water  can  be  stored 
here  by  the  construction  of  a  dam  about  180  feet  high  in  what  is  known  as 
Gore  Canyon ;  and  with  a  230-foot  dam  the  capacity  would  be  nearly  2,200,000 
acre-feet. 

After  a  turbulent  course  as  a  mountain  stream,  through  the  chasms  and  nar- 
row valleys  of  its  upper  watershed.  Grand  Kiver  emerges  Into  this  large,  basin- 
like  valley  as  a  sluggish  river,  Its  quiet  waters  presenting  a  strange  contrast 
to  the  torrents  of  its  upi)er  course.  In  its  tortuous  channel  it  winds  through 
vast  8tretche.s  cf  meadow  lands,  with  scarcely  a  riffle  for  many  miles,  flowing 
in  a  general  westerly  direction  toward  the  massive  Gore  or  Park  Range  of  moun- 
tains, there  to  disappear  suddenly  into  the  stui)endous  chasm  known  as  Gore 
Canyon.  Here  the  stream  resumes  Its  former  torrential  aspect.  For  3i  miles, 
the  length  of  Grore  Canyon,  Its  fall  averages  100  feet  to  the  mile.  Below  this 
canyon  the  river  widens,  and  Its  fall  becomes  more  normal. 

Grand  River  receives  the  largest  part  of  Its  water  supply  from  the  east  side 
of  Gore  Range,  which,  during  the  dry  months  of  the  late  summer  and  fall, 
contributes  more  run-ofiP  per  square  mile  of  drainage  area  than  is  derived  by 
the  river  from  the  lower  portions  of  Its  drainage  basin.  West  of  Gore  Range 
notable  tributaries  are  few  and  far  apart ;  Indeed,  from  Gore  Canyon  down  to 
the  mouth  of  Eagle  River  no  large  tributaries  empty  into  Grand  River.  The 
consideration  of  water  supply  alone  would  Indicate  that  the  Kremmling  reser- 
voir site  is  most  advantageously  located  for  storing  the  most  valuable  portion 
of  the  water  of  Grand  River.  By  providing  proper  storage  facilities  at  the 
Kremmling  site  freshets  will  be  prevented,  and  the  water  will  be  made  avail- 
able for  use  In  the  Irrigating  season. 

After  the  waters  of  Gunnison  River  have  boon  controlled  by  the  Irrigation 
works  now  under  construction  by  the  Federal  Government,  it  will  be  iKMwIble, 
by  building  a  high  masonry  dam  In  Gore  Canyon,  to  conserve  and  regulate 
the  flow  of  the  entire  Grand  River  from  Gore  Canyon  down  to  Its  c*onfluence 
with  Green  River.  Even  if  feasible  sites  for  dams  exist  either  above  the 
Kremmling  site  or  below  it,  It  is  doubtful  whether  a  dam  constructed  at  any 
one  of  them  would  be  as  valuable  In  conserving  and  regulating  the  flow  of 

•  From  report  by  O.  II.  Matthes. 
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Grand  River  as  a  dam  at  the  Kremmling  site.  One  advantageous  feature  of  the 
Kremmling  dam  Is  that  the  river  below  the  dam  site  flows  for  at)out  60  miles, 
or  to  the  junction  with  Eagle  River,  through  a  canyon  that  contains  only  a 
few  small  ranches,  which  are  not  dependent  on  the  waters  of  the  Grand. 
This  section  of  Grand  River  would  be  the  main  feeder  for  regulating  the  river 
farther  down,  and  would  therefore  be  subject  to  great  fluctuations  In  flow.  Yet 
these  fluctuations  would  not  l)e  likely  to  work  hardship  on  or  interfere  with  any 
settlements  or  agricultural  communities,  as  there  are  virtually  none  along  this 
section  of  the  river.  ^ 

The  section  of  Colorado  which  is  tributary  to  the  Kremmling  site  covers 
about  2,400  square  miles,  comprising  not  only  the  entire  drainage  of  what  Is 
known  as  Middle  Park  or  Grand  County,  but  also  that  portion  of  Summit 
County  that  is  drained  by  Blue  River,  and  is  characterized  by  a  rough  and 
mountainous  topography,  In  part  forest  clad.  The  Park  or  Gore  Range,  with* 
many  peaks  over  10,000  feet  high,  forms  its  western  and  southwestern  bounda- 
ries, while  the  Continental  Divide  of  the  Rocky  Mountains,  with  peaks  ascend- 
ing to  elevations  of  14,000  feet  and  over,  forms  the  northern,  eastern,  and 
southern  boundaries  of  the  watershed.  In  this  region  the  winters  are  long 
and  severe*  with  heavy  snowfalls  during  a  period  of  six  months.  A  certain 
amount  of  snow  cover  Is  retalnetl  by  the  high  peaks  throughout  the  summer 
months,  the  gradual  melting  of  which  Insures  the  perennial  flow  of  the  limpid 
mountain  streams  and  springs  in  which  the  region  abounds. 

The  principal  rivers  draining  directly  Into  the  proposed  reservoir,  In  addition 
to  Grand  River  proper,  are  Troublesome  and  Muddy  creeks,  which  enter  from 
the  north,  and  Williams  Fork  and  Blue  River,  which  enter  from  the  south. 
A  study  of  the  flow  of  these  streams  has  been  made  for  the  last  two  years  by 
maintaining  gage  records  and  measuring  the  discharge  at  stations  on  Grand 
River  at  the  mouth  of  Gore  Canyon ;  on  Muddy  Creek,  near  Kremmling,  Colo. ; 
on  Blue  River  at  the  State  bridge,  about  15  miles  above  its  mouth,  and  on 
Williams  Fork,  about  IJ  miles  above  its  mouth.  In  addition  a  number  of 
regular  gaging  stations  have  been  maintained  on  Grand  River  and  its  tribu- 
taries above  the  Kremmling  reservoir  site.  From  the  records  so  kept  It  has 
been  estimated  that  the  annual  flow  Into  the  proi)osed  reservoir  Is  over 
1,000,000  acre-feet,  the  amount  varying,  of  course,  from  year  to  year.  The 
approximate  inflow  for  the  calendar  year  1905,  which  appears  to  have  been 
a  normal  year  as  regards  rainfall  and  run-off  In  this  section  of  Colorado,  was 
1,108,000  acre-feet. 

A  feature  of  the  Kremmling  site  which  is  particularly  favorable  as  compared 
with  other  storage  reservoirs  located  on  large  rivers  is  the  small  amount  of 
sediment  contained  in  the  waters  that  are  to  be  stored  in  It.  Only  two  of  Its 
tributaries  carry  fine  material  In  suspension  at  all  times — Muddy  Creek,  which 
receives  the  drainage  of  clay  hills,  and  which,  as  Its  name  Indicates,  has  a 
muddy  color,  and  Blue  River,  which,  though  a  typical  mountain  stream,  is 
discolored  by  the  operation  of  placer  mines  near  Breckenridge,  Colo.  The 
amount  of  silt  which  would  be  deposited  In  the  reservoir  by  these  two  streams 
and  from  all  sources  at  time  of  freshets  Is  comparatively  small,  and  would  not 
seriously  Impair  the  value  of  the  reservoir  for  generations  to  come.  Regular 
daily  observations  of  the  amount  of  silt  carried  by  Grand  River  are  being  made 
at  the  gaging  station  at  the  mouth  of  the  canyon. 

The  Kremmling  basin,  when  flooded,  would  In  realty  be  a  triple  reservoir, 
extending  up  the  valleys  of  Grand  River  proper  and  of  two  of  Its  larger  tribu- 
taries, Muddy  Creek  on  the  north  and  Blue  River  on  the  south,  both  streams 
emptying  Into  the  Grand  a  short  distance  above  the  mouth  of  Gore  Canyon. 
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A  site  suitable  for  a  higli  masonry  dam  lias  been  found  in  Gore  Canyon,  about 
one-half  mile  below  its  entrance,  at  a  point  where  the  river  flows  between 
nearly  vertical  canyon  walls.  The  river  bottom  here  has  an  elevation  above 
sea  level  of  7,270  feet.  The  river  having  a  drop  of  about  30  feet  between  the 
dam  site  and  the  entrance  to  the  canyon,  the  maximum  depth  in  the  main  body 
of  the  reservoir,  with  a  depth  of  water  180  feet  at  the  dam,  would  be  150 
feet.  The  top  contour  of  the  reservoir  for  this  depth  of  water  would  be  at 
elevation  7,450  feet.  The  area  exposed  to  evaporation  when  the  reservoir  is 
full  would  be  15,805  acres,  while  the  capacity  would  be  1,239,840  acre-feet 
The  site  now  occupied  by  the  town  of  Kremmllng  would  have  100  feet  of  water 
over  it  The  reservoir  would  be  150  miles  in  length  from  the  dam  to  the  point 
where  Grand  River  would  flow  into  it ;  the  maximum  width  In  Its  lower  portion 
would  be  3  miles,  while  the  Muddy  Creek  and  Blue  River  arms  of  the  reser- 
voir would  be  9.5  miles  and  8  miles  in  length,  respectively. 

During  the  summer  of  1905  a  plane-table  survey  of  the  Kremmllng  site,  on  a 
scale  of  2,000  feet  to  1  inch,  with  20-foot  contours,  was  made  under  the  direc- 
tion of  Gerard  H.  Matthes,  engineer,  by  J.  C.  Fltterer,  assistant  engineer,  and 
M.  I.  Chapin,  field  assistant  The  topography  was  sketched  In  up  to  the 
7,500-foot  contour,  corresponding  to  a  depth  of  water  at  the  dam  of  230  feet 
The  following  table  shows  the  capacity  of  the  proposed  reservoir,  Its  area 
exposed  to  evaporation,  and  its  mean  depth,  computed  for  each  contour : 

Table  of  areas,   capacities,   and  mean   depths   of  Kremmllng   reservoir   site, 

Colorado, 


Con- 
tours. 

Areas  ex- 
posed to 
evaporation. 

Capacities 
between 
contours. 

Total  ca- 
pacities. 

Feet. 

Acres. 

Acre-feet. 

Acre^feet. 

7,800 

14.0 

140.0 

140.0 

7,880 

2,111.0 

21,250.0 

21,890.0 

7,340 

6,155.0 

72,660.0 

94,060.0 

7,800 

6,908.5 

121,536.0 

216,585.0 

7,880 

8;94«.0 

159,465.0 

876,060.0 

7,400 

10,948.5 

196,965.0 

674,016.0 

7,430 

12,8U.6 

287,600.0 

811,616.0 

7,440 

14,739.0 

275,505.0 

1,087,120.0 

7,450 

15,805.0 

152,720.0 

1,230,840.0 

7,460 

17,103.0 

164,540.0 

1,404,380.0 

7,480 

19,737.0 

368,406.0 

1,772,785.0 

7,500 

22,919.5 

428,665.0 

2.190.360.0 

The  major  part  of  the  area  to  be  flooded  consists  of  hay  lands,  which  con- 
stitute the  principal  assets  of  the  Middle  Park  ranchmen.  Owing  to  the  high 
altitude  and  short  seasons  other  crops  can  not  profitably  be  gi'own  In  this 
section.  The  amount  of  valuable  hay  lands  which  would  be  covered  by  the 
reservoir  and  which  would  constitute  the  principal  Item  of  cost  aside  from  that 
entailed  by  the  construction  of  the  dam,  is  roughly  estimated  at  10,000  acres. 
This  Includes  the  small  town  of  Kremmllng,  Colo.,  which  has  a  population  of 
about  200,  and  the  small  settlement  at  Troublesome. 

Borings  with  diamond  drill  were  made  during  the  fall  of  1905  In  Gore 
Canyon,  to  ascertain  the  depth  to  bed  rock.  The  latter  was  found  to  consist, 
like  the  canyon  walls  themselves,  of  a  dark-colored  gneiss,  Intersected  by 
white  veins  of  quartz.  The  strata  are  tilted  to  a  nearly  vertical  attitude,  and 
in  places  the  rock  is  schistose.  The  bed  rock  penetrated  by  the  drill  proved 
H.  Doc.  86. 59-1 ^9 


Digitized  by  VjOOQ IC 


124         FOURTH   ANNUAX,   REPORT   OF   RECLAMATION   SERVICE. 

to  be  exceptionally  sound,  close  grained,  bard,  and  free  from  seams  or  cracks, 
The  canyon  walls,  on  the  contrary,  through  ages  of  exposure  to  the  elements, 
are*rent  by  many  fissures  and  cleavage  planes,  and  in  other  ways  give  evidence 
of  decay.  It  will  be  necessary  to  remove  by  blasting  the  unsound  rock  at  the 
abutments  for  the  dam. 

The  canyon  in  the  first  half  mile  from  its  mouth  downstream  offers  at  least 
four  possible  dam  sites,  all  located  within  a  distance  of  1,000  feet  Of  these 
the  two  upper  afford  good  opportunities  for  constructing  spillways  on  the  left 
bank.  The  lower  sites  are  located  in  the  deeper  portion  of  the  canyon,  where 
the  abutments  rise  nearly  vertically  to  a  height  of  about  500  feet  Spillways 
at  these  sites  can  be  provided  only  by  tunneling  tlirough  the  canyon  walls. 
The  four  sites  possess  practically  the  same  dimensions,  measuring  about  150  feet 
across  between  canyon  walls  at  the  water  level  and  about  360  feet  acrosB  at 
the  crest  of  the  dam. 

RBSERVOIB  SITES  ON  UPPER  GRAND  RIVBR.a 

GENERAL  STATEMENT. 

During  the  summer  of  1905  a  reconnaissance  was  made  by  Gerard  H. 
Matthes,  engineer,  of  the  North  and  South  forks  of  Grand  River,  Frazier 
River,  Williams  Fork,  and  Stillwater  Creek  in  the  upper  portion  of  the  basin 
of  Grand  River,  in  Colorado,  for  the  purpose  of  locating  reservoir  sites  on  the 
headwaters  of  Grand  River  above  the  Kremmling  reservoir  site,  a  description  of 
which  is  given  on  pages  121-124.  The  area  drained  by  these  streams  Is 
mountiiinous,  the  elevations  of  the  valley  bottoms  exceeding  7,500  feet  above 
sea  level,  while  the  peaks  of  the  Continental  Divide  and  of  the  Front  Range 
of  the  Rocky  Mountains,  which  form  the  northern  and  eastern  boundaries 
of  this  basin,  respectively,  rise  to  elevations  of  from  10,000  to '  14,000  feet 
or  more. 

The  water  resources  of  this  section  of  the  Rocky  Mountains  are  among 
the  finest  in  the  United  States,  as  a  result  of  the  deep  snowfalls  which  occur 
here  during  six  months  of  the  year  and  the  large  amount  of  forest  cover 
still  remaining  despite  the  ravages  wrought  by  fire  and  ax. 

The  streams,  which  are  of  the  torrential  type,  are  fed  by  melting  snows  and 
innumerable  deep-seated  springs,  and  carry  an  abundance  of  clear,  cold  water. 
The  high  altitudes  and  short  summer  seasons  have  put  a  limit  to  the  range 
of  agricultural  pursuits,  rye  and  oats  l>eing  among  the  few  crops  igrown.  The 
main  industry,  however,  is  cattle  raising,  while  mining  is  as  yet  little  devel- 
oped. As  large  quantities  of  hay  are  annually  required  for  feeding  cattle 
during  the  winter  months,  the  amount  of  hay  raised  by  the  ranchmen  is  con- 
siderable. Some  irrigation  water  Is  required  for  this  purpose,  but  the 
amount  so  diverted  from  the  streams  is  comparatively  small,  and  it  is  safe 
to  say  that  no  large  amount  of  irrigation  water  will  ever  be  used  in  this 
part  of  Grand  County. 

Few  reservoir  and  dam  sites  worthy  of  investigation  were  encountered  during 
the  reconnaissance.  As  a  rule,  the  conditions  in  this  section  of  the  Grand  River 
basin  are  not  favorable  for  impounding  large  volumes  of  water,  principally  on 
account  of  the  rapid  slopes  of  the  valley  floors,  which  exclude  the  possibility  of 
securing  large  storage  basins  except  with  dams  of  unreasonable  magnitude. 
Efforts  were  made  to  discover  practicable  sites  l>elow  the  confluences  of  impor- 
tant tributaries  rather  than  along  the  tributaries  themselves  for  reasons  of  ade- 

•  From  report  by  G.  U.  Matthes. 
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quacy  of  water  supply.  The  sites  so  located  and  deemed  worthy  of  investiga- 
tion are  the  Windy  Gap  dam  site  I>elow  the  confluence  of  Grand  and  Frazier 
rivers,  and  the  Lehman  dam  site  below  the  confluence  of  North  and  South  forks 
cjf  Grand  River.  A  reconnaissance  survey  was  also  made  to  determine  the 
|K)8sibility  of  water  storage  in  Grand  Lake  by  means  of  a  project  Including  the 
diversion  of  North  Fork  of  Grand  River  Into  the  lake. 

Information  regarding  the  water  resources  for  these  reservoir  sites  was  gained 
from  a  study  of  the  results  of  stream  measurements  made  at  gaging  stations, 
which  have  been  maintained  at  the  following  i)6ints:  Grand  River,  at  Hot  Sul- 
phur Springs;  Williams  Fork,  about  li  miles  above  Its  mouth;  Frazier  River, 
near  Granby ;  North  Fork  of  Grand  River,  at  a  i>oint  3  miles  below  Grand  Lake ; 
the  outflow  from  Grand  Lake,  at  the  outlet ;  and  North  Inlet  Creek,  flowing  into 
Grand  Lake,  at  mouth. 

WINDY  GAP  RESERVOIR  SITE. 

The  dam  site  is  located  on  Grand  River,  in  sec.  27,  T.  2  N.,  R.  77  W.  A  dam 
00  feet  high  above  the  level  of  Grand  River  would  backwater  about  2i  miles,  or 
above  the  confluence  of  Grand  and  Frazier  rivers.  A  dam  135  feet  high  would 
create  a  reservoir  extending  up  the  valley  of  the  Grand  River  for  about  4  miles 
and  up  the  valley  of  Frazier  River  for  about  2  miles.  A  reservoir  of  this 
size  would  cover  about  2,000  acres  and  have  a  probable  capacity  of  100,000  acre- 
feet  The  abutments  at  the  dam  site  are  composed  of  a  coarse  conglomerate, 
the  strata  of  which  are  tilted  to  a  nearly  vertical  position.  The  right  bank  is  a 
high,  steep,  rock  wall,  and  the  left  bank  consists  of  alternate  slopes  and  vertical 
escarpments.  The  dam  site  is  275  feet  across  on  the  bottom,  and  the  crest  of  a 
135-foot  dam  will  be  about  650  feet  long.  A  dam  of  greater  height  could  be 
built  at  this  site  if  deemed  desirable.  No  evidence  was  found  regarding  the 
depth  of  bed  rock  at  the  dam  site. 

The  combined  flow  of  Grand  and  Frazier  rivers  would  be  more  than  ample  to 
till  this  reservoir,  the  discharge  of  Grand  River  at  Hot  Sulphur  Springs,  about  (> 
miles  below  the  dam  site,  from  March  1  to  September  30,  1905,  being  509,671 
acre-feet 

The  principal  objection  to  this  reservoir  site  lies  In  the  fact  that  It  Is  crossed 
throughout  Its  length  by  the  newly  constructed  line  of  the  Denver,  Northwestern 
and  Pacific  Railway.  Other  obJectFonable  features  are  the  large  size  of  dam 
required  and  the  fact  that  probably  75  per  cent  of  the  area  flooded  will  consist 
of  valuable  hay  and  ranch  lands. 

LEHMAN  RESERVOIR  SITE. 

A  small  reservoir  site  was  discovered  on  Grand  River,  near  Lehman  post- 
ofl9ce,  in  portions  of  sees.  1,  2,  11,  and  12,  T.  2  N.,  R.  76  W.  and  of  sees.  6,  7, 
and  8,  T.  2  N.,  R.  75  W.  The  dam  site  is  located  in  sec.  11,  T.  2  N.,  R.  76  W. 
A  reconnaissance  survey  was  made  for  a  dam  06  feet  high  above  the  water 
level  of  Grand  River  at  the  dam  site,  making  the  elevation  of  the  top  contour 
8,144  feet  above  sea  level.  In  sele<*ting  this  as  the  most  economical  height  of 
dam,  the  general  elevation  of  the  surrounding  low  mesas  was  taken  as  a 
determining  factor.  The  capacity  of  the  reservoir  when  full  is  estimated  at 
24,000  acre-feet  The  area  to  be  flooded  is  about  800  acres  and  would  cover 
valuable  hay  land  to  the  extent  of  about  400  acres,  including  the  ranch  of 
C.  N.  King,  or  Lehman  post-oflice,  located  In  the  lower  part  of  the  basin. 
Lines  were  found  to  have  been  surveyed  for  two  private  railroads,  traversing 
the  reservoir  site  for  the  better  part  of  its  length. 
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The  dam  site  Is  at  the  entrance  of  a  canyon,  where  the  rock  walls  are 
composed  of  a  pink  granite  of  coarse  texture,  containing  large  qaantities  of 
mica.  The  right  abutment  is  in  the  form  of  a  steep  cliff,  while  the  left 
abutment  is  covered  to  a  large  extent  with  rock  debris,  revealing  in  places  the 
solid  ledge.  The  granite  being  badly  disintegrated,  the  removal  of  consider- 
able decayed  rock  will  be  necessary  in  order  to  obtain  suitable  abutments. 
The  dam  site  is  about  180  feet  across  on  the  Iwttom,  and  the  crest  of  the  dam 
would  have  a  length  of  about  430  feet.  There  are  no  evidences  that  bed 
rock  occurs  near  the  surface,  feand  suitable  for  building  purposes  may  be  had 
in  small  quantities  near  the  dam  site.  The  canyon  was  reconnoltered  down- 
stream for  other  dam  sites,  but  presented  no  favorable  places.  On  the  con- 
trary, the  rapid  fall  of  the  river  through  the  canyon  made  it  undesirable  to 
locate  a  dam  further  down  the  canyon  and  rendered  it  imperative  to  select  a 
site  as  near  the  mouth  as  possible. 

The  streams  draining  Into  the  reservoir  site  are  the  North  and  South  forks 
of  the  Grand  River,  which  join  about  1  mile  above  the  dam  site,  and  Stillwater 
and  Soda  creeks.  The  reservoir  would  be  about  30  feet  deep  at  the  confluence 
of  the  North  and  South  forks  and  would  extend  only  about  2,000  feet  up  the 
valley  of  North  Fork,  this  stream  having  a  very  rapid  fall.  On  the  other 
hand,  the  South  Fork,  for  several  miles  aiaove  the  confluence,  has  but  little 
fall,  and  meanders  through  vast  stretches  of  level  meadow  lands,  which  would 
be  flooded  by  the  reservoir  to  a  small  depth,  rendering  the  storage  along  this 
portion  of  the  reservoir  expensive  as  regards  land  damages  and  adding  but 
little  to  the  general  capacity. 

The  flow  into  the  reservoir  is  more  than  ample  to  fill  it  once  a  year,  being 
357,549  acre-feet  between  May  1  and  September  30,  1905.  No  sediment  Is 
carried  by  the  streams  except  at  times  of  high  water,  practically  the  entire 
run-off  being  derived  from  springs  and  the  melting  of  snow. 

It  is  hardly  necessary  to  point  out  that  the  disadvantageous  features  pre- 
sented by  the  Lehman  reservoir  site  more  than  outweigh  the  few  favorable 
features  which  it  otherwise  possesses.  The  limited  storage  capacity  and  the 
comparatively  large  dam  required  alone  suffice  to  condemn  the  site  as  un- 
desirable for  storage  purposes.  The  i)oor  quality  of  rock  available  for  con- 
structing the  dam  and  the  large  amount  of  patented  lands  which  would  be 
flooded  are  further  serious  drawbacks. 

GRAND  LAKE. 

Grand  Lake  is  situated  In  the  northwestern  part  of  Grand  County  and  occu- 
pies portions  of  sees.  4,  5,  6,  8,  and  9,  T.  3  N.,  R.  75  VV.  It  covers  an  area 
of  about  700  acres  and  has  a  maximum  depth  of  204  feet  Its  drainage  is 
Into  the  North  Fork  of  Grand  River.  It  owes  its  existence  to  a  long,  narrow 
terminal  moraine,  which  effectually  bars  a  small  valley  inclosed  by  high  moun- 
tains. The  lake  is  extremely  picturesque,  and  attracts  many  tourists  every 
summer.  The  small  town  of  Grand  Lake  Is  located  on  the  northwest  side  of  the 
lake,  behind  the  moraine,  and  would  not  be  affected  by  raising  the  surface  of 
the  lake  from  20  to  25  feet  above  low-water  level.  A  reconnaissance  survey 
of  the  moraine  and  outlet  of  the  lake  discloses  the  fact  that  a  dike  20  feet 
high  across  the  outlet,  and  short  dikes  across  a  few  gaps  and  small  depressions 
In  the  moraine.  Is  all  that  would  be  required  for  raising  the  level  of  the  lake 
20  feet  for  storage  purposes.  To  store  more  than  this  depth  of  water  would 
require  considerable  expenditure  In  building  up  the  moraine  to  the  required 
height,  and  also  In  Increasing  Its  width  at  numerous  points  In  order  that  It 
may  withstand  the  hydrostatic  pressure.    The  moraine,  which  is  nearly  li 
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miles  long,  is  composed  of  glacial  debris,  and  is  typically  heterogeneous  as 
regards  materials,  as  is  usually  the  case  with  formations  of  this  kind.  It  is 
not  likely  that  it  will  prove  impervious  under  a  high  head  of  water. 

The  capacity  of  Grand  Lake  as  a  storage  reservoir  would  be  limited  to  the 
amount  stored  above  its  present  low-water  level.  Soundings  taken  near  the 
outlet  show  that  the  lake  is  shallow  over  a  considerable  area,  and  has  a  very 
sandy  bottom.  The  depth  of  water  near  the  outlet  is  about  3  feet  at  low  water, 
and  increases  very  gradually  away  from  the  shore  for  a  distance  of  several 
hundred  feet,  beyond  which  the  depth  increases  very  rapidly.  It  api)ear8  to 
l)e  impracticable  to  deepen  the  outlet  in  order  to  draw  off  more  water,  without 
involving  great  cost  The  storage  capacity  with  a  20-foot  dam  would  there- 
fore be  limited  to  about  140,000  acre-feet  The  outflow  from  the  lake  between 
April  1  and  September  30,  1905,  was  80,869  acre-feet,  as  computed  from  meas- 
urements of  discharge  made  at  the  gaging  station  at  the  outlet  of  the  lake. 
The  principal  tributaries  to  Grand  Lake  are  North  Inlet  and  East  Inlet  creeks. 
It  is  probable  also  that  the  lake  receives  considerable  inflow  from  -springs.  A 
gage  record  is  being  maintained  on  North  Inlet  Creek  by  J.  Cairns,  voluntary 
observer,  discharge  measurements  being  made  at  regular  intervals  by  employees 
of  the  Geological  Survey. 

Considered  as  a  site  for  storing  irrigation  water  for  use  along  the  lower 
Grand  and  Colorado  rivers,  Grand  Lake,  as  will  be  readily  seen  from  the  fore- 
going, would  be  of  little  value.  Not  only  is  its  storage  capacity  small,  but  it 
would  not  hold  even  the  annual  discharge  of  the  streams  draining  into  it,  not 
to  mention  water  supply  from  other  sources. 

It  has  been  proposed  to  tap  Grand  Lake  by  means  of  a  tunnel  through  the 
Front  Range  of  the  Rocky  Mountains,  and  so  divert  its  waters  into  Big  Thomp- 
son River  or  St.  Vraln  Creek.  From  the  best  information  available  it  appears 
that  a  tunnel  of  this  kind  would  be  about  12  miles  long.  Whether  the  value 
of  the  water  so  diverted  to  the  east  slope  would  warrant  the  exi)enditure  in- 
volved in  constructing  a  tunnel  of  this  length  Is  a  matter  which  requires  careful 
study  and  surveys.  In  connection  with  a  project  of  this  kind  it  has  been  pro- 
posed to  divert  the  waters  of  North  Fork  of  Grand  River  into  Grand  Lake.  In 
order  to  ascertain  the  feasibility  of  the  latter  undertaking,  lines  of  flying  levels 
were  run,  connecting  North  Fork  with  Grand  Lake,  disclosing  the  fact  that  the 
North  Fork  at  a  point  in  sec.  30,  T.  2  N.,  R.  76  W.,  about  1  mile  from  Grand 
Lake,  Is  288  feet  higher  than  Grand  Lake.  The  intervening  topography,  due 
to  glacial  action,  is  irregular.  Separating  the  valley  at  Grand  Lake  from  that 
of  the  North  Fork,  inclosed  by  moraines,  lies  a  small  lake  known  as  Haberson 
Lake,  located  in  sec.  36,  T.  2  N.,  R.  70  W.  Its  elevation  is  48  feet  lower  than 
that  of  North  Fork  at  the  point  referred  to  above,  and  240'  feet  higher  than 
that  of  Grand  Lake.  The  waters  of  North  Fork  could  readily  be  diverted  into 
Haberson  Lake,  and  thence  into  Grand  Lake,  and  it  is  probable  also  that  a 
topographic  survey  will  reveal  a  practicable  canal  route  for  diverting  North 
Fork  into  North  Inlet  Creek.  Should  the  plan  of  taking  water  to  the  east  8loi)e 
by  means  of  a  tunnel  prove  feasible,  the  storage  on  Grand  Lake  could  then  be 
utilized  to  good  advantage  as  an  equalizing  reservoir,  and  a  probable  flow  of 
about  040  second-feet  could  be  delivered  on  the  east  slope  throughout  the  entire 
Irrigating  season. 
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By  D.  W.  Ross. 

GENERAIi  CONDITIONS. 

The  construction  work  which  was  begun  in  December,  1904,  on  the  Minidoka  project  has 
been  steadily  prosecuted  during  the  season  of  1905.  In  addition  to  the  work  in  progreas 
on  the  dam  and  spillway,  contracts  were  let  during  July  and  August,  1905,  for  the  con- 
struction of  the  main  canals  and  distributing  system;  also  for  the  construction  of  a  tele- 
phone system.  Work  under  these  contracts  is  now  in  progress,  provisions  being  made  in 
the  specifications  for  the  completion  of  the  entire  gravity  system  of  canals,  which  wUl  irri- 
gate about  80,000  acres  of  land,  by  June  1,  1906. 

On  February  15,  1905,  a  project  board  met  at  Boise  for  the  consideration  of  plans  and 
estimates  in  connection  with  the  Payette-Boise  project.  Reconunendations  favoring  the 
early  construction  of  a  portion  of  this  project  were  made  to  the  chief  engineer,  and  in  March, 
a  favorable  report  having  been  made  to  the  Secretary  of  the  Interior,  an  allotment  from 
the  reclamation  fund  of  $1,300,000  was  ordered  for  the  construction  of  a  part  of  the  Boise 
Valley  division  of  this  enterprise.  During  the  present  field  season  surveys  of  this  portion 
of  the  project  have  been  in  progress,  and  plans  and  estimates  &re  now  being  made  prepara- 
tory to  the  letting  of  contracts  at  an  early  date.  Negotiations  for  the  use  and  control  by 
the  United  States  of  the  New  York  canal,  which  is  to  be  enlai^ed  and  extended  to  form 
the  main  canal  on  the  south  side  of  Boise  Valley,  have  been  very  satisfactorily  concluded 
by  the  Reclamation  Service.  The  Payette-Boise  Water  Users'  Association  has  appraised 
the  lands  needed  for  right  of  way  for  the  Deer  Flat  reservoir,  and  many  contracts  have 
been  made  by  the  owners  for  the  sale  of  lands  to  the  United  States. 

A  general  reconnaissance  covering  practically  all  the  minor  streams  of  the  arid  portion 
of  the  State  has  been  concluded,  and  it  is  now  thought  that  fairly  accurate  estimates  can 
be  made  of  the  irrigation  possibilities  of  practically  every  stream  system. 

The  Second  Annual  Report  of  the  Reclamation  Service  contained  preliminary  estimates 
of  several  projects  in  Idaho.  In  the  case  of  the  Minidoka  project  the  probable  cost  of 
reclamation  is  fairly  indicated  by  contract  prices,  only  a  comparatively  small  amount 
of  work  remaining  to  be  done  outside  of  these  contracts.  Detailed  surveys  lately  made  of 
the  Payette-Boise  project  have  suggested  many  changes  in  the  plans  originally  proposed, 
and  have  led  to  an  increase  in  the  estimated  cost  of  construction.  Preliminary  surveys 
and  reconnaissance  to  determine  the  feasibility  of  storage  works  on  the  headwaters  of 
Snake  River  were  completed  during  the  latter  part  of  the  field  season  of  1904.  In  some 
cases  these  conditions  are  almost  ideal,  but  in  others  there  will  undoubtedly  be  found 
many  difficult  features.  The  great  development  now  in  progress  in  the  Snake  River 
Valley  will  lead  to  a  demand  for  the  construction  of  works  to  regulate  the  flow  of  this 
stream  at  an  early  date — much  earlier  than  has  generally  been  estimated. 
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MINIDOKA  PROJECT. 

DAM  AND  SPILLWAY. 

Tlie  contract  entered  into  by  the  Bates  &  Rogers  Construction  Company,  dated  Septem- 
ber 17,  1904,  provides  for  the  construction  of  a  dam  in  Snake  River,  spillway,  head  gates, 
and  forebay  canal,  the  work  to  be  completed  by  December  17,  1906.  The  lowest  bidder 
for  this  work  having  failed  to  comply  with  the  requirements  of  the  specifications,  it  became 
necessary  to  let  the  contract  to  the  above-named  company,  whose  bid  was  second  in  amount. 
Considerable  delay  occurred  before  the  matter  was  finally  adjusted,  and  owing  to  this  and 
to  delay  in  receiving  the  shipment  of  the  construction  plant  and  equipment  the  winter 
season  was  well  advanced  before  work  was  fairly  under  headway,  little  work  having  been 
done  before  January,  1905.  Since  that  time  the  work  has  been  vigorously  prosecuted,  but 
owing  to  the  fact  that  the  work  had  to  be  carried  forward  in  a  certain  sequence,  and  that 
in  constructing  certain  portions  only  a  comparatively  small  number  of  men  could  be  em- 
ployed, progress  seemed  at  times  to  be  slow.  This  was  particularly  noticeable  when  the 
core  wall  was  being  laid  across  the  deep,  narrow  portion  of  the  river  channel;  also  when  it 
became  necessary  to  cx)ncentrate  on  the  excavation  of  the  narrow  diversion  channel.  Owing 
to  these  causes  it  will  not  be  possible  for  the  contractors  to  finish  this  work  within  the  time 
specified  in  their  contract. 

The  dam,  when  completed,  will  consist  of  a  heavy  rock  fill  with  a  concrete  core  wall, 
faced  on  the  upstream  side  with  a  heavy  earth  embankment.  A  spillway  (PI.  XV,  A), 
provided  on  the  left  bank  of  the  river,  is  of  ample  capacity  to  carry  the  greatest  possible 
flow  of  flood  water  without  danger  of  overtopping  the  dam.  The  total  length  of  the  entire 
structure  is  4,412  feet 

The  rock  fill  (PI.  XV,  B)  is  constructed  of  lava  rocks  ranging  in  size  from  a  few  cubic 
inches  to  4  cubic  yards  or  more  in  volume.  The  smaller  ones  fill  the  interstices  between 
the  larger  ones,  and  in  turn  the  interstices  between  the  smaller  rocks  are  sluiced  full  of 
gravel  and  sand,  thus  making  the  structure  tight  and  securing  the  maximum  weight.  In 
filling  the  deep  channel  stones  of  not  less  than  2  tons  in  weight  were  used  until  the  velocity 
of  the  water  was  checked,  after  which  smaller  ones  were  filled  in.  The  stones  decrease  in 
size  toward  the  upstream  face  of  the  rock  fill,  where  small  ones  are  used.  The  earth  em- 
bankment joins  the  upstream  face  of  the  rock  fill,  and  is  composed  of  gravel  and  sand  and 
faced  with  earth  containing  from  35  to  50  per  cent  of  clay. 

A  concrete  core  wall  extends  across  the  river  upstream  from  and  parallel  to  the  axis  of 
the  dam.  This  wall  is  founded  on  the  solid  rock  bed  of  the  river  and  serves  as  a  cut-off  to 
water  that  would  otherwise  follow  along  the  bed  of  the  river  underneath  the  structure. 

The  spillway  (PI.  XV,  A)  is  constructed  of  concrete  on  a  solid  rock  foundation,  with  an 
earth  embankment  along  the  upper  face. 

Around  the  northern  end  of  the  dam  a  channel  is  cut  through  a  rock  point  to  divert 
the  entire  flow  of  the  river  during  the  construction  of  the  southern  end  of  the  dam.  In 
this  channel  there  is  a  concrete  dam  with  regulating  devices,  below  which  it  is  proposed  to 
build  a  water-power  plant  for  the  purpose  of  generating  electric  power  to  be  used  for  pump- 
ing water  onto  tracts  of  land  that  lie  above  the  gravity  canal  m  Cassia  County. 

On  beginning  excavation  here  it  was  found  that  the  cofferdam  as  constructed  was  totally 
inefficient  in  itself,  and  it  became  necessary  to  build  a  secondary  cofferdam,  inclosing  an 
area  just  sufficient  for  the  construction  of  the  wall.  Much  difficulty  was  experienced  in 
getting  this  one  built,  as  water  broke  through  a  number  of  times,  but  finally  this  secondary 
cofferdam  was  made  tight  and  the  construction  of  this  section  of  the  core  wall  proceeded 
without  serious  interruption  and  was  completed  June  30.  Owing  to  the  loss  of  time  in 
awarding  the  contract  during  the  summer  of  1904  this  work  was  carried  on  during  the  high- 
water  period,  which  rendered  it  more  hazardous  and  difficult  than  it  otherwise  would  have 
been,  inasmuch  as  the  difference  between  the  high  and  low  water  discharge  of  the  river 
was  about  11,000  cubic  feet  per  second. 
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Efforts  are  being  concentrated  toward  the  completion  of  the  diversion  channel  and  the 
concrete  dam  with  regulating  devices,  as  the  early  completion  of  the  rock  fill  is  dependent 
on  this.  Work  is  being  vigorously-  prosecuted  night  and  day.  Cement  for  this  work,  all 
machinery,  and  supplies  are  hauled  by  teams  from  Minidoka,  a  distance  of  6  miles. 

MAIN    CANALS    AND    DISTRIBUTING    SYSTEM. 


BIDS   AND   CONTRACTS. 

A  project  board,  consisting  of  the  governor  and  state  engineer  of  Idaho  and  engineers  of 
the  Reclamation  Service,  met  at  Boise  February  15,  1905,  and  reconmiended  that  contracts 
be  let  for  the  immediate  construction  of  the  north  side  canal  and  lateral  system.  In  view 
of  the  fact  that  the  Reclamation  Service  had  decided  not  to  install  a  pumping  system  for 
the  irrigation  of  the  lands  on  the  south  side  of  the  river  for  perhaps  several  years  yet,  it 
was  recommended  that  a  small  canal  be  constructed  on  the  south  side  of  the  river  with  a 
view  to  providing  at  once  for  the  irrigation  of  the  lands  which  could  be  reached  by  gravity. 
Tliis  recommendation  was  approved,  and  on  April  20,  1905,  bids  were  invited  for  the  con- 
struction of  a  main  canal  and  branches  and  distributaries  on  the  north  side  of  the  Snake 
River,  and  of  a  canal  on  the  south  side;  also  for  the  construction  of  a  telephone  system. 

In  letting  these  contracts  the  work  was  divided  into  eight  parts.  Schedule  1  consisted 
of  the  north  side  main  canal,  which  contained  practically  all  the  rockwork  on  the  north 
side  of  the  river;  schedule  2  covered  the  canal  on  the  south  side;  schedules  3,  4,  and  5  cov- 
ered divisions  of  the  branch  canals  and  distributaries  on  the  north  side;  schedule  6  covered 
the  waste  canal  on  the  north  side;  schedule  7,  the  head  gates,  turnouts,  and  bridges  and 
other  structures ;  while  schedule  8  covered  the  gates  and  lifting  devices. 

The  following  table  shows  the  bids  received  and  the  amounts  for  e&ch  bid: 

Bids  received  on  schedule  J,  distrilmtion  system,  Minidoka  project,  Idaho. 


Work  or  material. 


I  Quantity. 


Orman  &  Crook, 
Pueblo,  Colo. 


Unit 
price. 


Amount. 


Excavation: 

Class  1 cubic  yards . .  4 17, 400 

Class  2 do.... I  5,000 

Class  3 do....  32,600 

Class  4 do. . . . j  105,800 

Riprap do.... I  12,160 

Overhaul do. . . .  28,900 


10.14 
.30 
.36 
.95 
1.33 
.Oli 


$68,436.00 

1,500.00 

11,736.00 

100,510.00 

16,172.80 

433.50 


Utah  Construction 
Co.,  Salt  Lake, 
Utah. 


Unit 
price. 


10.15 
.40 
.50 
1.10 
1.00 
.02 


ToUl ; 188,788.30 


Amount. 


$62,610.00 

2,000.00 

16,300.00 

116,380.00 

12,160.00 

578.00 


210,028.00 


Work  or  material. 


Excavation: 

Class  1... 

Class  2... 

Class  3... 

Class  4... 

Riprap 

Overhaul 

Total.. 


KUpatrlck  Bros. 
&  Collins,  Bea- 
trice, Nebr. 


Unit 
price. 


$0.16 

.30 
.45 
1.10 
1.50 
.01 


Amount. 


$66,784.00 

1,500.00 

14,670.00 

116,380.00 

18,240.00 

289.00 


217,8(i:J.00 


Griffltha  &  McDer- 
mott,Chlcago,Ill. 


Unit 
price. 


j  Amount. 


$0.15 
.37 
.40 
1.23 
1.35 
.Oli 


$62,610.00 

1,850.00 

13,040.00 

130,134.00 

16,416.00 

433.50 


224,483.60 


Bates  &  Rogers 
Construction  Co., 
Chicago  ni. 


Unit 
price. 


SO.  15 

.90 

1.43 

1.43 

2.50 

.02 


Amount. 


$82,610.00 

4,600.00 

46,618.00 

151,294.00 

30,400.00 

578.00 


296,000.00 
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Bids 


received  an  schedule  j&,  distribution  system,  Minidoka  project,  Idaho. 


Work  or  mateilaL 


Exc&vation: 

Class  1 cubic  yards. 

Class  2 do... 

Qyerhaul do 

Total : 


Quan- 
tity. 


Orman  &  Crook, 
Pueblo,  Colo. 


977,700 

6,050 

238,400 


Unit 
price. 


I0.12i 
.27 
.Oli 


Amount. 


1122,212.50 
1,606.50 
3,576.00 


127,395.00 


Utah  Construction  Kilpatrlck  Bros.  & 
Co.,  Salt  Lake,  Collins,  Beatrice, 
Utah.  I      Nebr. 


Unit 
price. 


10.13 
.40 
.02 


Unit 
price. 


Amount. 


$127,101.00 
2,380.00  ^ 
4,768.00  1 


$0.16 
.30 
.01 


1156,432.00 
1,785.00 
2,384.00 


134,240.00 


160,601.00 


Work  or  material. 


,  Qriffitha  &  McDer- 1  Hubbard  &  Carl-     Nelson  Rich.  Pros- 
mott,  Chicago,  111.  !  son,  Boise,  Idaho.  '        ser.  Wash. 


I   Unit 
I  price. 


Excavation: 
Class  1... 
Class  2... 

Overiiaul 


$0,124 
.37 
.OIJ 


Total. 


Amount. 


Unit 
price. 


Amount.  I  1^  |  Amount, 


$121,234.80       $0.12 
2,201.50  .20 

2,980.00  .Oli 


$117,324.00 
1,190.00 
2,980.00 


126,416.30 


121,494.00 


$0.15 
.20 
.01 


$146,655.00 
1,190.00 
2,384.00 


150,229.00 


Bids  received  on  schedule  3,  distribution  system,  Minidoka  project,  Idaho. 


Work  or  material. 


Excavation: 

Class  1 cubic  yards. 

Class  2 do... 

Class  4 do... 

Overhaul do... 

Total 


nrman  Ar  Prr^ir    !  Utah  Coustruction '  KJlpatrlck  Bros.  & 
onnan&  crook,  |      ^^     g^^  ^aj^^        nniHn.  R«iLtH«» 


Quantity. 


Pueblo,  Colo. 


UUh. 


Collins,  Beatrice, 
Nebr. 


Unit 
price. 


1,239,500  {  $0.I2i 

13,800  I       .27 

2,100         .95 

166,100         .Oli 


Amount. 


$151,838.75  , 
3,726.00 
1,995.00 
2,491.50 


Unit 
price. 


$0.13} 

.40 

1.30 

.02 


Amount. 


Unit 
price. 


Amount. 


$167,332.60 
5,520.00 
2,730.00 
3,322.00 


I 


$0.16 
.30 
1.10 
.01 


$198,320.00 
4,140.00 
2,310.  CO 
1,661.00 


160,051.25    178,904.50 


206,431.00 


Work  or  material. 

W.  H.   Phllbrick 
Griffiths  &  McDer-        and  J.  E.  Hilton, 
mott,  Chicago,  III.        American  Falls, 
Idaho. 

X-    ^™-"*-|pri^'    ^^«"«^- 

Monarch  &  Porter, 
Des  Moines,  Iowa. 

X.      Amount. 

Excavation: 

Class  1 

i 

$0,124   $153,698.00      $0.13  $101,135.00 
.37          5,106.00          .50        6,900.00 
1.40          2,940.00         1.50        3,150.00 
.01)  {      2,491.50           .02         3,322.00 

$0,104     $128,908.00 
.36    '        4,830.00 
.85            1,786.00 
.01    1        1,661.00 

Class  2 

Clam^  4. _  _ 

Overhaul 

Total 

164,235.50    174,507.00 

137,184.00 
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Bids  received  on  schedule  4t  distrUntiion  system,  Minidoka  projed,  Idaho. 


Work  or  material 


Bxcavation: 

Class  1 oubio  yards. . 

Cla882 do.... 

Overhaul do 

Total 


Quan- 
tity. 


Orman  &  Crook, 
Pueblo,  Colo. 


Unit 
price. 


Amount. 


670,750 

8,100 

172,800  I 


|0.12i  $60,916.87 
.27  2,187.00 
.Oli       2,592.00 


Utah  Construction  <  Kilpatrick  Bros.  A 
Co.,  Salt  Lake,  |  Collins,  Beatrice. 
Utah.  '      Nebr. 


Unit 
price. 


10.13 
.35 
.02 


I 


74,605.87  1 


Amount. 


$74,197.50 
2,835.00 
3,456.00 


Unit 
price. 


$0.16 
.30 
.01 


80,488.50  I 


Amount. 


$91,320.00 
2,430.00 
1,728.00 


95,478.00 


Work  or  material. 


Griffiths  &  Mc-  Conway,  Wilhite 

Dermott.  &  Ryberff, 

Chicago,  111.     I    Boise,  Idaiho. 


I  Unit 
iprioe. 


Excavation: 

Class  1 '$0.13i 

Class2 '    .37 

Overhaul .01^ 

Total 


Amount. 


I  Unit 
Iprioe. 


I  Amount. 


Davidson  & 

Tautphaus, 

Twin  Falls, 

Idaho. 


Monardi  &  For- 
I  ter,  Des  Moines, 
I  Iowa. 


Unit 
price. 


$77,051.25 
2,997.00 
2,592.00 


$0.14  ,$79,905.00  $0.13 


Amount. 


Unit 
price. 


Amount. 


82,640.25 


.45 
.Oli 


3,645.00 
2,502.00 


.13 
.02 


$74,197.50 
1,053.00 
3,456.00 


6,142.00  1 78,706.50 


$0,093 
.35 
.01 


$53,079.75 
2,835.00 
1,728.00 


67,642.76 


Bids  received  on  schedule  5,  distribution  system,  Minidoka  project,  Idaho, 


Work  or  material. 


Excavation: 

Class  1. cubic  yards. 
Overhaul do. . . 


Total. 


'n»«,o«  A  r<,./v«v    Utah  Construe-  Kilpatrick  Bros.  Griffiths  &  Mc- 
.Orman  &  Crook.    ^^^  ^o.,  Salt      A  Collins,  Bea-        Dermott, 


Quan- 
tity. 


175,400 
6,000 


Pueblo,  Colo. 


Lake,  Utoh.  trice,  Nebr.         Chicago,  lil. 


Unit    AT««nnt     Unit 
price,   -^ount-  price. 


j$0. 12}  $21, 486. 50  ,$0.13 
Oli  90.00  I    .02 


Amount.  1^^*  I  Amount.  ^^  |  Amount. 


Unit 


$22,802.00  $0.20  $35,060.00  |$0.13i 
120.00       .02  I        120.00       .01^ 


21,576.50   ......j  22,922.00 


36,200.00   ......    23,700.00 


$23,679.00 
90.00 


Work  or  material. 

W.  H.  Philbrick 

and  J.  E.Hilton, 

American  Falls, 

Idaho. 

Gen.  Ray  Har- 

disty,  Minidoka, 

Idaho. 

Davidson  dc 

Tautphaus. 

Twin  Falls, 

Idaho. 

Nelson  Rich. 
Prosser,  Wash. 

X^l  Amount. 

p'J^t   Amount. 

pYS^t    A„,,„,.    pX'    Amount. 

Excavation: 

Classl 

$0.13 
.01 

$22,802.00 
60.00 

1 

$0.13i  $24,336. 75 
.Oli          90.00 

$0.13  $22,802.00     $0.13  '  $22,802.00 
.02  -        120.00         .01  1           60.00 

Total 

22,862.00 

24,426.76 

! 

22,922.00 

1    22,862.00 
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Bidt  received  on  schedule  6,  distribution  system,  Minidoka  project,  Idaho. 


Work  or  material. 


Excaration: 

CUmI... 

i2... 

1 3... 

Clas8  4... 

Overbaul 


.cubic  yards.. 

do.... 

do.... 

do.... 

do.... 


Total. 


Quantity. 


323,000 

6,000 

10,000 

65,000 

20,000 


I 


Orman  &  Crook, 
Pueblo,  Colo. 


Utah  Construotion 
Co.,  Salt  Lake, 
Utah. 


Unit 
price. 


Amount. 


Unit 
price. 


10.14 
.36 
.37 
.97 
.Oli 


$45,220.00  I    10.15 


Amount. 


$48,450.00 

1,760.00  ,        .40  2,000.00 

3,700.00  .50  5,000.00 

63,050.00  I      1.25  I      81,260.00 

300.00  '        .02  I  400.00 


114,020.00  I ;    187,100.00 


Work  or  material. 


Excaratlon: 

Class  1.. 

Class  2.. 

Class3.. 

C1as5  4.. 
OTerhaul 


Kilpatrick  Bros. 
&  Collins,  Bea- 
trice, Nebr. 


Unit 
price. 


.'  10.17 

.i  .30 

.1  .45 

-!  1.10 

.1  .01 


Total. 


Amount. 


$54,910.00 

1,500.00 

4,600.00 

71,500.00 

200.00 


Griffiths  &  McDer- 
mott,  Chicago,  111. 


Hubbard  &  Carl- 
son, Boise,  Idaho. 


Unit 
price. 


Amount. 


$0.18  $58,140.00 

.43  2,150.00 

.43  4,300.00 

1.40  91,000.00 

.011  300.00 


132,610.00   155,800.00   ;     132,200.00 


Unit 
price. 


$0.16 
.30 
.40 
1.20  1 
.Oli 


Amount. 


$48,450.00 

1,500.00 

4,000.00 

78,000.00 

260.00 


I 


Bids  received  on  schedule  7,  distribution  system,  Minidoka  project,  Idaho. 
BRIDQES  AND  STRUCTURES,  MAIN  NORTH-SIDE  CANAL. 


Work  or  material. 


Quantity. 


Orman  ^  Crook, 
Pueblo,  Colo. 


Unit 
price. 


Amount. 


Pour  bridges: 

Concrete oubio  yards. 

Steel pounds. 

Clear  lumber feet  B.  M.  Oregon  fir. 

Common  lumber feet  B.  M.  pine. 

Waste  way: 

Concxete cubic  yards. 

Steel pounds. 

Headgates  south-side  canal: 

Concrete cubic  yards. 

Steel pounds. 

Total 


160  I  $5.50 

2,700  .07} 

19,260  I  41.00 

20,060  '  30.00 


270  I 
4,800 

250  ' 
7,000 


6.00 
.071 

6.76 
.07i 


$680.00 
202.50 
789.66 
782.34 

1,620.00 
360.00 

1,687.50 
625.00 

6,847.00 
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Bids  received  on  schedide  7,  disiribiUum  syslemt  Minidoka  projecty  Idaho — ContiDued. 
BRIDGES  AND  STRUCTURES,  BRANCH  A. 


Orman  6c  Crook, 
Pueblo,  Colo. 


Work  or  material. 


Six  bridges: 

Conorete cubic  yarde. 

Steel pounds. 

Clear  lumber feet  Oregon  flr. 

Common  lumber feet  pine. 

Six  turn-outs: 

Concrete , cubic  yards. 

Steel pounds. 

Common  lumber feet  Oregon  flr. 

Total : 


4,458.01 


BRIDGES  AND  STRUCTURES,  BRANCH  B. 


Seven  bridges: 

Concrete . .- cubic  yards . 

Steel pounds . 

Clear  lumber feet  Oregon  flr. 

Common  lumber feet  pine. 

Siphon: 

Concrete cubic  yards. 

Steel pounds. 

Turn-outs: 

Concrete cubic  yards. 

Steel pounds. 

Common  lumber feet  pine. 


Total. 


140 
2,460 
14,000 
18,620 

280 
1,200 

170 

4,200 

70 


16.75 

.071 

41.00 

30.00 

6  75  I 
.07j; 

6.50 
.071 

30.00 ; 


BRIDGES  AND  STRUCTURES,  BRANCH  C. 


1805.00 
183.75 
577.60 
728.01 

1,755.00 
00.00 

1,105.00 

315.00 

2.73 


5,563.08 


Three  bridges: 

Concrete cubic  yards. . 

Steel pounds. . 

Common  lumber feet  pine. . 

Turn-outs: 

Concrete cubic  yards. . 

Steel pounds . . 

CommoD  lumber feet  pine.. 


I 


Total. 


60 

800 

6,670 

140 

5,151 

200 


I 


$5.75 

.071 

30.00 

6.50 
.07*1 
30.00 


1345.00 

eaoo 

26a  13 

010.00 

386.25 

7.80 


1,060.18 


BRIDGES  AND  STRUCTURES,  MAIN  SOUTH-SIDE  CANAL. 


Thirteen  bridges: 

Clear  lumber feet  Oregon  flr.. 

Common  lumber feet  pine. . 

Concrete cubic  yards. . 

Steel pounds.. 


42,260  S41.00  11,782.35 

57,200  30.00  I  2,230.80 

520  5.75  I  2,00a00 

2,000  .07*1           15a  00 
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Bids  received  on  schedule  7,  distribution  system^  Minidoka  project^  Idaho — Continued. 
BRIDGES  AND  STRUCTURES,  MAIN  SOUTH-SIDE  CANAI^Continued. 


Orman  &.  Crook 
Pueblo,  Colo. 

Work  or  material. 

Quantity. 

Unit 
price. 

Amount. 

Tnrn-oots: 

Concrete 

cubic  yards. . 

260 

$6.75 

$1,755.00 

Steel 

pounds.. 

1,000 

.07i 
.07  J 

75.00 

Ca«t  iron 

do.... 

21,000 

1,575.00 

Lumber 

feecplne.. 

28,000 


39.00 

1,092.00 

Total 

11,600.05 



Total  schedule  7 

30,4.38.22 

Bids  received  on  schedule  8,  distrilmHon  system  ^  Minidoka  project ^  Idaho. 


Work  or  material. 


Quantity. 


I  United  Iron 
Works,  Oakland, 
Cal.  ' 


48,800 
15,400 


I 


Seventeen  gates  and  guides,  cast  iron. .  .pounds. . 

Sixty-four  gates,  steel do — 

Eighty-one  lifting  devices: 

Sixty-two  wrench  devices 

Two  standard  devices 

Seventeen  pedestal  devices |  200.00 

Total 


Vulcan  Iron 
Works,  Chicago, 
111. 


Unit 
price. 


Amount. 


Unit 
price. 


$3,393.00     $0.0516 


.10095 


Amount. 

$2,414.88 
1,5.^63 

2,260.52 

124.54 

3,116.61 

.* ! 12,128.00; 9,471.18 


$0.07  J 
.lOi 

54.00 
185.00 


1,617.00 

3,,{48.00 

370.00 

3,400.00 


36.46 
62.27 
183.33 


t 


The  grading  contracts  provide  that  all  work  shall  be  completed  by  June  1,  1906.  The 
telephone  system  is  to  be  completed  ninety  days  from  the  date  of  notification  of  the  approval 
of  the  contract,  which  is  October  18, 1905. 

Work  under  these  contracts  was  begun  early  in  July,  or  almost  immediately  upon  approval 
of  the  bids  by  the  Secretary  of  the  Interior,  and  has  been  vigorously  prosecuted  since 
that  time. 

MAIN   SOUTH-SIDE   OANAL. 

The  canal  on  the  south  side  of  the  river  now  being  constructed  extends  from  the  point 
of  drversion  at  the  south  end  of  the  spillway  to  the  site  selected  for  the  pumping  stations, 
a  distance  of  13  miles.  This  canal  will  have  a  capacity  of  100  second-feet.  It  is  designed 
with  a  view  to  enlarging  it  at  some  future  time  to  a  capacity  of  800  second-feet.  It  is  20 
feet  wide  on  the  bottom,  with  side  slopes  of  2  to  1.  In  thorough  fills,  which  occur  at  a  few 
places,  it  is  46  feet  wide  on  the  bottom,  the  banks  being  of  full  dimensions  as  for  the 
enlarged  canal.  In  shallow  cuttings  a  berm  is  left  on  the  inside,  so  as  to  admit  of  enlarg- 
ing to  a  full  bottom  width  of  46  feet  at  a  minimum  expense.  This  canal  will  have  a  capac- 
ity <rf  1  second-foot  for  each  80  acres  of  land  and  will  irrigate  about  8,000  acres  by 
gravity. 

MAIN   NORTH-STDE   CANAL. 

The  first  9,000  feet  of  the  main  north-side  canal  is  mostly  in  solid  rock.  It  is  30  feet 
wide  on  the  bottom,  has  side  slopes  varying  from  J  to  1  to  1  to  1,  and  will  carry  water 
to  a  depth  of  10  feet.  The  canal  will  drop  12  feet  near  the  end  of  the  rock  cut,  from  which 
point,  for  a  distance  of  about  5  miles,  or  at  the  crossing  of  the  Minidoka  and  Southwestern 
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Railway,  it  will  be  mostly  in  earth,  with  a  bottom  width  of  46  feet,  inside  slopes  3  to  1, 
outside  slopes  2  to  1,  to  carry  7.5  feet  of  water.  The  banks  will  be  10  feet  high  and  8  feet 
wide  on  top.  Immediately  above  the  crossing  of  the  Minidoka  and  Southwestern  Rail- 
way the  canal  will  be  divided  into  two  branches,  the  ''A''  branch  leading  to  the  south, 
watering  lands  situated  south  and  east  of  the  railway,  and  the  ''B''  branch,  which  crosses 
the  railroad,  taking  a  southwesterly  course,  parallel  to  the  railroad  right  of  way,  to  Snake 
River,  a  distance  of  about  13  miles.  This  branch  is  carried  underneath  the  railroad  in  an 
inverted  siphon,  consisting  of  5  arched  openings  with  a  regulating  gate  at  the  upper  end 
of  each  opening. 

The  capacity  of  the  main  canal  near  the  upper  end  is  1,200  second-feet,  or  1  second-foot 
for  each  60  acres  of  land  to  be  irrigated.  The  "A"  branch  MriU  have  a  capacity  of  423 
and  the  "B''  branch  639  second-feet.  These  branch  canals  are  each  subdivided  into 
several  smaller  branches,a  with  capacities  varying  from  60  to  200  second-feet,  the  capac- 
ities provided  being  at  the  rate  of  1  second-foot  for  each  60  acres  for  branches  discharging 
from  100  second-feet  up;  1  second-foot  for  each  50  acres  for  branches  discharging  from 
25  to  100  second-feet,  and  1  second-foot  for  each  40  acres  for  branches  with  less  than  25 
second-feet  discharge.  No  sublateral  or  farm-unit  laterals  wiU  have  a  capacity  less  than 
4  second-feet. 

The  north-side  tract  being  exceedingly  level,  it  was  very  difficult  to  get  sufficient  grade 
for  the  lateral  system,  nearly  all  the  branches  and  laterals  being  located  on  a  grade  of  1 
foot  to  5,000  feet.  In  order  to  provide  for  the  irrigation  of  all  the  land  adjacent  to  these 
ditches,  the  water  surface  had  to  be  kept  well  above  the  level  of  the  ground — from  2  to  3 
feet  in  most  places.  This  necessitated  considerable  borrow  in  the  construction  of  the 
canals,  and  advantage  was  taken  of  this  feature  in  fixing  the  capacities  of  the  various 
branches,  since  the  cost  of  construction  would  be  practically  the  same  whether  the  banks 
were  set  far  apart  or  close  together.  The  porous  nature  of  the  soil  and  the  almost  entire 
absence  of  surface  slope  will  probably  render  necessary  the  use  of  large  irrigation  heads, 
while  it  is  safe  to  predict  considerable  loss  of  water  in  the  canals.  For  these  reasons  it  was 
thought  best  to  provide  abundant  capacities  for  the  main  canals  and  laterals,  also  for  the 
farm-unit  laterab  for  which  large  heads  will  have  to  be  conducted  under  a  system  of 
rotation. 

The  land  under  the  gravity  canal  on  the  south  side  of  the  river  lies  in  a  narrow  strip. 
It  has  considerable  surface  slope  and  could  easily  be  irrigated  by  a  system  of  comparatively 
short  laterab.  About  72,000  acres  can  be  irrigated  by  the  gravity  system  on  the  north 
side  of  the  river  and  about  8,000  on  the  south. 

AU  of  the  principal  structures  in  the  main  canal  and  branches  will  be  of  masonry. 
Owing  to  the  fact  that  the  water  surface  in  the  main  canals  and  laterab  will  have  to  be  kept 
well  above  the  surface,  of  the  ground  in  order  readily  to  provide  for  the  irrigation  of  the 
adjacent  lands,  checks  will  be  placed  at  intervab,  in  most  cases  just  below  lateral  head 
gates;  for  the  purpose  of  regulating  the  depth  of  water.  When  the  canal  is  operated  at 
its  full  capacity  many  of  these  checks  will  probably  not  be  needed,  but  since  the  canal 
will  not  likely  be  run  full  for  several  years  it  was  necessary  to  make  immediate  provi»- 
vision  for  this  regulation. 

The  inside  slopes  of  all  canab  in  earth  on  the  north  side  will  be  3  to  1,  the  outside  slope 
being  2  to  1,  the  width  of  the  banks  on  all  the  principal  canab  being  not  less  than  8  feet 
and  on  the  smaller  laterab  6  feet.  All  banks  will  be  carried  2  feet  above  the  water  surface 
in  the  canal.  In  constructing  these  canab  no  runways  are  allowed  on  the  inside  slopes, 
the  material  excavated  between  the  banks  being  hauled  up  the  slope,  the  tramping  thus 
being  evenly  distributed  over  all  parts  of  the  bank. 


a  See  PI.  XX,  Third  Annual  Report  Reclamation  Service,  general  map,  Minidoka  project. 
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TELEPHONE  SYSTEM. 
Tbe  following  bids  for  the  construction  of  a  telephone  system  were  opened: 
Bids  for  constructitm  of  telephone  system. 


No. 


Bidder. 


Section  1. 


I'tL,^'      Tot.1. 


Section 
2. 


Total 
price. 


Total  for 
schedules 
1   and   2. 


W.H.  Crumb  &  Co.,  Chicago,  111 

John  Riddle,  Boise,  Idaho 

W.I.Thrallkill,  Boise.  Idaho * 

Berggren  Electric  Co.,  St.  Paul,  Minn 

Rocky  Moimtaln  Bell  Telephone  Co.,  Salt  Lake  City, 

vtih : 


1347.60 
360.00 
374.43 
475.00 

025.00 


16,256.00 
6,480.00 
6,739.74 
8,560.00 

11,250.00 


a|80.00 
220.00 
172.00 
345.00 

100.00 


16,335.00 
6,700.00 
6,911.74 
8,806.00 

11,350.00 


a$380,  if  not  awarded  section  1. 

A  reoommendation  was  made  that  the  bid  of  W.  H.  Crumb  &  Co.  for  the  construction 
of  this  telephone  system  be  accepted  and  contract  awarded. 

DOMESTIC  WATER  SUPPLY. 

When  bids  were  invited  for  the  construction  of  the  main  canals  and  distributing  system 
there  were  but  few  settlers  on  the  lands  and  practically  no  efforts  had  been  made  to  procure 
water  from  wells,  many  of  the  settlers  being  at  that  time  compelled  to  haul  water  from  the 
river  a  distance  of  from  2  to  6  miles.  Believing  that  a  considerable  saving  could  be  made 
in  the  cost  of  constructing  these  canals  if  a  water  supply  for  domestic  purposes  could  be 
obtained  in  wells  at  different  points  on  the  tract,  the  Reclamation  Service  decided  to  make 
borings  for  that  purpose.  Accordingly,  10  wells  were  sunk  at  different  points  on  the  north 
side  of  the  river,  an  effort  being  made  to  locate  them  where  they  would  be  of  service  to  the 
contractors  during  the  construction  period.  An  excellent  supply  of  water  was  found  in 
every  case  at  a  depth  of  from  70  to  125  feet  below  the  surface.  These  holes  were  provided 
with  2}-inch  casings,  with  a  pump  cylinder,  and  screened  well  points  at  the  bottom  of  each. 
As  soon  as  it  was  discovered  that  water  could  be  procured  at  reasonable  depth  many  of  the 
settlers  drilled  similar  wells,  so  that  when  the  intending  bidders  looked  over  the  line  of  the 
canals  they  found  that  an  abundant  supply  of  water  for  stock  and  domestic  purposes  could 
be  procured  at  almost  any  point  at  very  reasonable  expense.  Several  of  the  contractors 
have  appropriated  these  Government  wells,  having  attached  pimips  driven  by  gasoline 
engines  to  them.  It  is  thought  that  the  comparatively  small  outlay  was  fully  justified,  and 
perhaps  has  effected  a  large  saving  in  the  cost  of  the  canals. 
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EXPENDITURES. 

The  expenditures  on  the  Minidoka  project  to  September  30,  1905,  were  as  foUows: 
Expenditures  on  Minidoka  project  to  September  SO,  1906. 


Work. 


Contractor. 


Amount. 


DiTersion  dam,  spillway,  etc.: 

Construction 

Cement 


Bates  &  Rogers 

Portland  Cement  Co., 
of  Utah. 


I  north<<8ide  canal:  Excavation '  Orman  &  Crook 

1  south-side  canal:  Excavation ' do 

Distributing  sy^m: 

Excavation 

Do 

Do 


Reservoir:  Purchase  of  lands 

Engineering,  design,  and  supervision 

Preliminary  surveys,  stream  gaging,  etc. 
Administration,  etc 


Total. 


....do 

Hubbard  &  Carlson . . 
Monarch  &  Porter . . . 


$109,085.72 
10,777.80 


1119,813.52 
3,661.75 
11,888.23 


4,948.41 
11,593.25 
4,315.92 


20.857.58 
15,060.00 
59,000.00 
34,000.00 
8,005.19 


272,286.27 


SETTLEMENT  OF  LANDS  AND  TOWN  SITES. 

In  May,  1904,  just  hefore  the  approval  by  the  Secretary  of  the  project,  practically  none 
of  the  lands  under  the  proposed  system  were  entered.  As  soon  at  the  public  announcement 
of  the  approval  was  made  there  was  a  rush  by  home  seekers,  and  in  a  very  few  months 
practically  every  farm  unit  was  entered.  Many  of  these  entries  were  no  doubt  speculative 
and  many  of  the  entry  men  will  probably  fail  to  comply  with  the  requirements  of  the  home- 
stead law,  but  the  number  of  contest  notices  which  have  been  regularly  published  during 
the  latter  part  of  the  present  season  stands  as  evidence  of  the  value  attached  to  this  land 
by  the  home  seeker,  and  it  is  extremely  doubtful  if  a  single  tract  that  can  be  irrigated  will 
go  begging.  Practically  every  farm  unit  under  the  gravity  system  of  canals  b  located,  and 
many  tracts  above  the  gravity  system  have  also  been  entered.  About  1,000  farm  units, 
averaging  a  little  less  than  80  acres  each,  are  situated  under  the  gravity  system  and  will 
receive  water  during  the  latter  part  of  the  season  of  1906. 

Three  tracts,  situated  on  the  line  of  the  Minidoka  and  Southwestern  Railway  north  of 
Snake  River,  were  reserved  for  town-site  purposes.  These  sites  are  now  being  surveyed 
under  the  direction  of  the  United  States  General  Land  Oflfice,  and  it  is  expected  that  the 
lots  will  soon  be  advertised  for  sale.  Sidings  have  been  constructed  at  all  of  these  points 
by  the  Oregon  Short  Line  Railway  Company  and  stations  established.  In  response  to  the 
demand  for  stores  and  other  facilities,  many  business  men  have  already  located  at  these 
points,  although  no  title  of  any  kind  can  be  secured  to  the  lots,  upon  which  have  been  erected 
many  substantial  buildings.  Churches  and  schools  have  already  been  established  at  these 
prospective  centers  of  population. 

SOIL  AND  DRAINAGE  OF  MINIDOKA  LANDS. 
SOILS    NORTH  OF  RIVER. 

As  before  stated,  the  lands  on  the  north  side  of  Snake  River  are  extremely  flat — so  flat 
that  proper  gradients  cAn  with  difficulty  be  obtained,  in  places,  for  the  distributing  canals 
without  subdrainage  or  some  other  effective  means  of  disposing  of  the  waste  water.    Ordi- 
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narily  this  condition  of  the  surface  might  prove  a  serious  drawback.  Many  tests  were 
made  of  the  subsoil  before  the  approval  of  the  project — enough  to  indicate  that  subdrainage 
could  be  secured — but  it  was  decided  to  make  a  thorough  examination  of  soil  conditions, 
and  a  careful  survey  was  accordingly  made  during  the  spring  of  1905. 

GENERAL  CHARACTEB. 

Nearly  all  the  irrigable  land  is  situated  in  a  broad,  level  plain,  which  lacks  salient  topo- 
graphic features.  EInobe  and  ridges  occur  here  and  there,  and  near  the  river  there  is  a  belt 
of  low  sand  dimes,  which  nowhere  rises  higher  than  10  feet  above  the  level  of  the  surround- 
ing country.  There  are  also  shallow  depressions  and  several  well-marked  continuous 
swales.    The  land  slopes  generally  southwestward  rather  than  toward  the  river. 

The  soils  present  considerable  variation  in  character  and  texture,  but  may  be  divided 
into  the  following  types:  (1)  A  medium  to  fine-textured  sandy  loam,  which  often  contains 
considerable  gravel,  and  is  underlain  by  a  light  subsoil;  (2)  a  very  light  to  loose  sandy 
loam  that  is  underlain  by  a  subsoil  of  heavy  material;  (3)  a  brown,  rather  heavy  loam; 
(4)  a  dark-brown  or  black  sticky  clay  loam  or  alluvium.  The  first  two  are  very  similar  in 
character,  but  the  heavier  soil  is  underlain  by  a  stratum  of  heavy  material  that  will  give  it, 
under  irrigation,  qualities  not  (possessed  by  the  higher  type. 

The  heavier  sandy  loam  of  the  type  first  named  above  lies  in  the  middle  and  southern 
portions  of  the  area.  At  a  depth  of  about  2  feet  the  soil  changes  to  a  light  yellow  or  nearly 
white  compact  material  comi>osed  of  silt  or  very  fine  sandy  loam. 

The  second  type  of  soil,  a  medium  to  fine  textured,  loose,  sandy  loam,  in  which  fine 
gravel  is  often  present  in  considerable  quantities,  is  composed  of  particles  of  crystalline 
rock,  quartz  predominating,  but  a  sufficient  amount  of  basic  minerals  is  present  to  give  it  a 
rather  dark  color  when  moist.  The  gravel  is  mainly  lava  (basalt),  though  pebbles  of 
granite,  quartzite,  and  other  rocks  are  also  found.  The  soil  varies  in  the  amount  of  loam 
it  contains;  the  low  knolls  are  often  little  more  than  pure  sand,  while  in  the  depressions 
the  soil  may  show  considerable  coherence,  due  to  the  presence  of  finer  particles.  It  is 
probable  that  after  several  years  of  irrigation  this  soil  will  become  more  loamy  by  the  break- 
ing down  of  its  constituents  and  the  addition  of  small  quantities  of  silt  in  the  irrigation 
waters.  At  a  depth  varying  from  2  to  3  feet  is  a  subsoil  of  clean  sand  and  fine  gravel. 
In  many  places  a  stratimi  of  partly  cemented  sand,  6  or  8  inches  thick,  separates  the  sandy 
loam  soil  and  the  subsoil  of  pure  sand.  This  stratum  is  never  sufficiently  indurated 
to  act  as  a  true  hardpan,  however,  and  water  has  little  difficulty  in  passing  through  it.  The 
sand  and  gravel  of  the  deeper  layers  possess  peculiar  characteristics,  which  make  them  an 
important  factor  in  determining  the  future  development  of  agriculture  under  irrigation. 
They  form  the  substratum  of  the  entire  terrace  on  the  north  side  of  the  river,  underlying 
not  only  this  type,  but  the  others  as  well.  This  substratum  is  so  loose  and  incoherent  that 
in  digging  wells  curbing  is  always  necessary  to  prevent  it  from  caving,  and  even  where 
curbing  is  used  it  causes  considerable  trouble,  for  it  contains  hardly  any  silt  or  clay  to  give 
it  cohesion.  Material  of  this  character  takes  up  moisture  very  rapidly ;  water  poured  upon 
it  sinks  almost  immediately  out  of  sight.  The  average  thickness  of  these  pervious  beds,  as 
oomputed  from  the  records  of  weUs  dug  or  drilled  within  the  tract,  is  about  25  feet,  but 
varies  from  4  or  5  to  nearly  40  feet. 

This  hghtest  type  of  soil  occupies  level,  generally  smooth  land,  on  which  expensive  lev- 
eling will  not  be  necessary,  though  better  results  will  probably  be  obtained  if  the  surface 
is  made  uniformly  as  smooth  as  possible  before  irrigation  is  begun.  This  kind  of  soil  is 
found  in  the  northeastern  part  of  the  project,  occupying  a  little  more  than  one-third  of 
the  total  area.  It  seems  to  be  entirely  free  from  alkali  and  no  trouble  is  expected  from 
the  accumulation  of  harmful  quantities  of  these  salts.  Though  the  surface  has  little  natu- 
ral slope,  the  soil,  on  account  of  its  texture  and  the  pervious  beds  of  sand  underlying  it, 
should  be  naturally  well  drained. 

The  fight,  sandy  loams  are  especially  adapted  to  grow  potatoes  and  other  vegetables, 
small  fruits,  and  alfalfa.  Oats  also  will  do  well  on  them,  and  wheat  can  be  grown  with 
H.  Doc.  86. 59-1 10 
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success,  although  this  is  generally  thought  to  give  better  returns  on  heavier  soils.    Sugar 
beets  and  melons  are  also  adapted  to  the  conditions  of  the  soil  here. 

The  other  type  of  sandy  loam  lies  in  the  middle  and  southern  portion  of  the  area.  It  is 
about  equal  in  extent  to  the  type  above  described,  which  it  resembles  in  many  re^wcts. 
The  soil  proper  varies  from  a  very  li^^t,  loose,  sandy  loam  to  a  heavy  sandy  loam  or  loam, 
the  lighter  phase  predominating.  At  a  depth  of  about  2  feet  the  soil  changes  to  a  light 
yellow  or  nearly  white  compact  material  composed  of  silt  or  very  fine  sandy  loam.  This 
stratum  is  2  or  3  feet  thick  and  is  underlain,  generally  at  a  depth  of  4  feet,  by  the  same 
stratum  of  loose-textured  clean  sand  that  is  found  under  the  type  previously  described. 
This  stratum  of  heavier  material  in  the  subsoil  is  that  which  distinguishes  it  from  the  other 
sandy  soils,  rendering  it  more  retentive  of  moisture.  It  seems  to  be  rich  in  lime  and  occa^ 
sionally  is  partially  cemented  and  difficult  to  dig  through.  It  is  not,  however,  impervious 
to  water,  as  was  shown  by  several  experiments.  Moisture  soon  soaks  into  it,  and  where  it 
is  turned  up  to  the  surface  it  soon  crumbles  down  into  powdery  material. 

This  soil  is  generally  free  from  alkali.  In  some  localities,  notably  in  the  southern  portion 
of  the  area  near  the  river,  a  small  amount  of  these  salts  is  found  in  the  silty  subsoil.  But 
in  only  one  or  two  cases  did  tests  show  more  than  6  per  cent  of  soluble  material  as  an  avei^ 
age  for  the  first  6  feet.  The  highest  test  was  obtained  in  the  center  of  a  patch  of  grease 
wood  in  the  extreme  southwestern  comer  of  the  project.  Here  the  determination  showed 
an  average  of  1.24  per  cent  of  soluble  material  in  the  first  6  feet,  but  this  represents  an 
extreme  condition^  which  extends  over  only  a  limited  area.  With  proper  care  in  the  appli- 
cation of  water  the  alkali  can  be  gotten  rid  of.  Its  presence  is  generally  indicated  by  a 
scattering  growth  of  grease  wood  amongst  the  sagebrush. 

This  soil  occupies  level,  generally  smooth  land,  and  is  adapted  to  the  cultivation  of  pota- 
toes and  other  vegetables,  small  fruits,  alfalfa,  oats,  and  wheat.  It  is  not  so  perfectly 
drained  as  the  type  of  soil  next  to  be  described  and  will  probably  require  leas  water  to 
mature  a  crop.  Care  will  have  to  be  exercised  lest  overirrigation,  especially  where  there 
are  slight  depressions,  cause  water  to  accumulate  in  puddles. 

The  remaining  type  of  the  three  main  classes  of  soil  is  distinctly  different  from  the  two 
already  described.  In  areas  where  it  is  typically  developed  it  is  composed  of  a  rather 
heavy,  brown  loam,  about  3  feet  in  depth.  This  is  generally  underiain  by  fine,  sandy 
loam,  a  foot  or  two  thick,  under  which  lie  beds  of  sand  and  fine  gravel.  In  some  localities 
the  depth  of  soil  is  greater  and  its  texture  heavier,  more  neariy  approaching  the  character 
of  a  clay  loam  or  true  clay.  On  the  other  hand,  the  surface  foot  may  be  a  sandy  loam, 
the  heavier  material  underiying. 

The  main  body  of  soil  of  this  type  is  found  in  the  northwestern  part  of  the  tract,  and  a 
narrow  strip  extends  southward  from  the  main  body  along  the  extreme  western  border  of 
the  bench  clear  to  the  river  at  Stairs  Ferry.  Smaller  isolated  patches  are  found  along  the 
northern  border  of  the  tract,  where  it  occupies  depressed  areas  in  which  water  occasionally 
accumulates  to  form  small  shallow  lakes.  The  soil  as  a  whole  occupies  areas  that  are  slightly 
depressed  below  the  general  level  of  the  bench,  and  the  surface  drainage  of  these  areas  is 
cut  off  from  the  river  by  higher  land  to  the  south.  The  land  covered  by  this  soil  is  gen- 
erally level  and  smooth ;  on  the  whole  it  has  a  more  uniform  surface  than  that  covered  by 
the  other  types,  although  there  are  two  or  three  well-defined  depressions,  and  occasionally 
a  ridge  of  sand.  The  depressions  are  sometimes  fiUed  with  water  to  a  depth  of  2  or  3  feet 
in  seasons  of  plentiful  precipitation,  but  the  empounded  waters  evaporate  during  the  dry 
summer  months. 

Tests  made  at  a  few  places  showed  the  presence  of  small  quantities  of  alkali,  though  as 
a  rule  hardly  a  trace  was  found.  The  soil  is  of  such  character,  however,  that  if  alkali 
were  present  it  might  be  brought  to  the  surface  by  irrigation,  and  it  is  possible  that  a  few 
small  alkali  patches  may  develop  under  irrigation,  but  no  serious  trouble  from  accumulation 
of  harmful  amounts  of  these  salts  need  be  feared.  Qypsum  was  found  at  a  number  of 
places,  and  this  salt  acts  as  a  corrective  for  the  carbonates,  or  black  alkali,  the  most -trouble- 
some of  the  alkali  salts.    These  heavier  soils  should  prove  to  be  very  fertile.    They  are  of 
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t  texture  most  faTorable  to  wheat  growing.  Alfalfa,  red  clover,  an^  timothy  are  also  weU 
raited  to  this  class  of  land,  and  sugar  beets  will  undoubtedly  do  well. 

In  addition  to  these  three  main  types-,  there  are  narrow  strips  of  recent  alluvium  on  the 
lowest  river  terrace.  The  soil  is  dark  brown,  or  black,  sticky  clay  loam,  1  or  2  feet  deep, 
resting  upon  drab  clay  loam.  At  a  depth  of  about  4  feet  the  soil  becomes  more  sandy,  and 
at  6  to  8  feet  below  the  surface  black  quicksand  is  generally  found. 

Soil  of  this  type  is  of  comparatively  limited  extent.  The  low  terrace  upon  which  it  is 
found  lies  8  or  10  feet  above  mean  river  level,  and  in  seasons  of  exceptionally  high  water 
it  is  overflowed,  but  it  is  not  likely  that  inundation  will  ever  occur  after  the  dam  has  been 
completed  and  irrigation  begun.  This  alluvial  strip  is  very  narrow,  varying  in  width  from 
3  or  4  rods  to  one-fourth  of  a  mile.  '  The  level  surface  is  here  and  there  furrowed  by  shal- 
low draws  2  or  3  feet  deep,  running  parallel  to  the  stream  channel. 

All  of  these  soils  generally  contain  alkali.  The  soluble  salts  occur  in  the  first  3  feet  and 
often  appear  on  the  surface  as  a  white  incrustation.  The  more  sandy  subsoils  are  compar- 
ttively  free  from  alkah  and  an  average  of  the  first  6  feet,  as  determined  by  several  tests 
made  in  localities  where  the  salts  were  most  in  evidence,  showed  from  one-half  to  1  per  cent 
of  carbonates  (black  alkali).  Bicarbonates  are  also  present,  being  the  usual  form.  Quan- 
titative determinations  showed  in  one  case  0.03  per  cent  of  carbonates  and  0.20  per  cent  of 
hydrogen  carbonate;  in  another  case  0.13  per  cent  of  carbonates  and  0.35  per  cent  hydro- 
gen carbonate.  In  the  latter  form  the  salt  is  much  less  harmful  to  vegetation  than  in  the 
fbraier. 

On  account  of  the  heavy  texture  of  the  surface  soil,  alkah  may  cause  some  injury  to 
crops.  But  with  a  porous  subsoil,  which  will  give  good  underdrainage,  reclamation  of  the 
alkali  patches  should  be  practicable.  At  any  rate,  the  total  area  of  the  soils  in  which  harmful 
qoantities  of  the  salts  are  present  is  so  small  that  the  problem  is  in  no  sense  a  serious  one. 

The  principal  vegetation  upon  the  alluvial  strip  is  grease  wood  and  sagebrush.  In  many 
places  the  surface  is  free  from  vegetation  and  the  cost  of  clearing  this  land  will  be  consid- 
erably less  than  that  of  clearing  soil  of  the  other  types. 

ALKAU  CX>NTENT. 

The  soils  under  the  AiOnindoka  project  are  as  a  whole  remarkably  free  from  excessive 
quantities  of  alkahne  salts.  Indeed,  it  would  be  hard  to  find,  in  the  arid  region,  a  district 
of  equal  area  where  so  httle  of  these  harmful  salts  is  present.  Field  tests  were  made  by 
the  use  of  the  electrolytic  bridge  in  all  parts  of  the  area.  The  soil  was  examined  to  a  depth 
of  6  feet,  and  where  the  heavy  subsoil  extended  to  greater  depths,  9-foot  borings  were 
made.  Each  successive  foot  was  tested,  to  obtain  a  fair  average  and  to  determine  the 
d^th  of  the  stratum  where  the  greatest  concentration  existed. 

These  field  tests  showed,  over  more  than  three-fourths  of  the  total  area  of  the  project,  a 
content  of  less  than  0.2  per  cent  of  soluble  salt,  calculated  upon  the  basis  of  the  dry  weight 
of  the  soil,  while  areas  of  soils  containing  more  than  0.5  per  cent  were  exceedingly  limited. 
The  amount  of  alkali  that  cultivated  crops  can  withstand  depends  upon  the  kind  of  salts, 
the  texture  of  the  soil,  and  the  variety  of  crops  grown.  The  soluble  carbonates  or  "  black 
alkali''  are  most  harmful;  sodium  chloride,  or  common  salt,  is  less  harmful,  but  is  more 
deleterious  than  the  sulphates.  Plants  can  withstand  more  alkali  on  heavy  soils  than  on 
sandy  loams.  Light  soils  seldom,  however,  contain  excessive  amounts  of  alkali,  and  where 
they  do  contain  lai^ge  amounts  they  can  usually  be  easily  freed  from  them  by  irrigation. 

The  laiger  part  of  the  soils  of  this  tract  is  a  light  sandy  loam,  and  even  where  the  surface 
is  heavy  a  porous,  sandy  subsoil  affords  excellent  underdrainage.  The  small  amounts  of 
hannful  salts  that  are  present  can  be  washed  out  and  drained  away  in  the  subsoil,  if  reason- 
ahle  care  in  the  application  of  water  is  practiced.  The  water  of  Snake  River  carries  a  very 
anall  amount  of  dissolved  salt  (about  30  parts  per  100,000),  and  acxsumulation  from  this 
source  need  not  be  feared. 

The  kinds  of  salt  in  the  soil  are  shown  in  the  following  table,  which  gives  the  result  of 
laboratory  analyses  of  samples  taken  at  various  locaJities  throughout  the  project,  and  fairly 
npresents  the  character  of  the  alkah  in  the  Minindoka  area. 
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The  soluble  matter  appears  to  be  largely  sulphates,  with  small  amounts  of  sodium  cai^ 
bonate  and  in  a  few  cases,  sodium  chloride.  The  amount  of  carbonates  present  is  not 
sufficient  to  be  detrimental  except  in  a  few  places,  but  where  there  is  a  small  amount  irri- 
gation without  proper  attention  to  drainage  is  likely  to  increase  rather  than  diminish 
this  amount. 

SOILS   SOUTH   OP   SNAKE   RIVER. 

A  reconnaissance  was  made  upon  the  south  side  of  Snake  River  to  determine,  in  a  gen- 
eral way,  the  character  of  the  soils  lying  under  the  proposed  pumping  system.  At  some 
future  time  a  more  detailed  examination  may  be  made  and  a  complete  report  prepared 
upon  the  conditions  of  soil  and  alkali. 

The  land  lying  under  the  pumping  system  differs  in  several  important  points  from  that 
on  the  north  side  of  the  river.  It  is  comparatively  level,  the  surface  sloping  gradually 
toward  the  river  with  sufficient  grade  for  the  flow  of  lateral  canals.  This  general  slope 
to  the  north  makes  it  unnecessary  to  provide  artificial  means  of  drainage  on  a  lai^ge  scale. 
Two  stream  channels.  Goose  Creek  and  Marsh  Creek,  traverse  the  area,  and  several  smaller 
draws  occiu*,  affording  natural  drainage  ways  for  any  excess  waters  that  might  accumulate. 

The  soils  themselves  also  differ  somewhat  from  those  found  under  the  gravity  system. 
In  some  localities — as,  for  example,  along  the  river  flats — they  are  of  the  same  character 
as  those  found  on  the  north  side,  but  over  the  major  portion  of  area  they  are  heavier  than 
the  soils  previously  described.  The  prevailing  type  is  a  coherent,  rather  fine,  sandy  loam 
soil  1  foot  deep,  underlain  by  loam  or  silt  loam,  which  reaches  to  a  depth  of  2  or  3  feet. 
At  about  30  inches  sand  and  gravel  are  generally  encountered,  and  at  this  point  it  is  not 
uncommon  to  find  a  thin  calcareous  hardpan.  Soil  borings  indicated  that  this  hardpan  is 
not  continuous  over  very  extensive  areas,  but  seems  rather  to  occur  in  broken  patches. 
It  was  found  at  depths  varying  from  1}  to  4  feet,  the  average  being  about  2)  feet  tiom  the 
surface. 

Another  type  of  soil,  which  is  found  chiefly  to  the  west  of  Qoose  Creek,  is  of  a  more  uni- 
form texture  and  is  free  from  hardpan.  It  is  composed  of  a  light-brown,  silty  or  very  fine, 
sandy  loam,  with  usually  a  stratum,  1  foot  or  2  feet  thick,  of  heavy  loam  at  a  depth  of 
5  or  6  feet  from  the  surface.  This  heavy  stratum  carries  a  moderate  amount  of  alkali 
(about  0.5  of  1  per  cent),  but  the  surface  3  feet  of  the  soil  are  free  from  alkali. 

Besides  these  two  main  classes  of  soil  there  is  found  in  narrow  stripe  along  the  river 
and  GU)ose  Creek  a  heavier  dark-colored  loam,  in  places  very  sticky  and  black.  Tliis  is 
generally  free  from  alkali,  except  in  a  very  narrow  zone  immediately  bordering  the  river 
banks. 

On  the  whole,  less  indication  of  alkali  was  seen  on  the  south  side  of  the  river  than  on  the 
north  side.  Several  tests  were  made  where  a  scattering  growth  of  greasewood  indicated 
its  presence,  and  these  showed  an  average  of  from  0.2  to  0.4  per  cent  in  the  first  6  feet. 
But  areas  where  these  comparatively  small  amounts  were  found  are  exceedingly  limited, 
and  with  the  good,  natural  drainage  afforded  by  the  slope  of  the  land  and  porous  layers  of 
sand  and  gravel  in  the  subsoil  it  is  thought  that  there  will  be  Uttle  danger  of  alkali  accumu- 
lating in  harmful  quantities. 

When  irrigation  is  begun  hardpan  may  cause  some  trouble  to  the  farmer  in  some  locali- 
ties, but  on  the  whole  the  conditions  of  soil  under  the  pumping  eystem  are  very  favorable 
to  agriculture  and  are  adapted  to  producing  laige  yields  from  a  wide  variety  of  crops. 

WATER  SUPPLY  AND  FLOW  OF  SNAKE  RIVER. 

The  increased  use  of  water  for  irrigation  in  the  upper  Snake  River  Valley  is  already  hav- 
ing a  very  marked  effect  on  the  discharge  of  Snake  River  in  the  vicinity  of  Blackfoot  and 
below.  At  this  point  the  river  was  entirely  dry  during  the  season  of  1905  for  a  distance 
of  about  10  miles.  On  August  10  a  careful  measurement  was  made  at  a  point  about  9 
miles  above  Blackfoot  by  Mr.  £.  C.  La  Rue,  engineer  aid  in  charge  of  stream  measurements 
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in  Idaho,  assisted  by  Mr.  Charies  Spearman,  representing  the  State  engineer  of  Idaho,  and 
Mr.  Walter  W.  McLaughlin,  acting  on  behalf  of  the  American  Falls  Canal  and  Power  Com- 
pany. The  point  selected  was  just  above  the  point  of  diversion  of  the  American  Falls 
Canal.  The  river  on  that  date  was  discharging  186  second-feet,  but  was  rising  at  the  time 
of  measurement  as  a  result  of  the  closing  down  of  headgates  in  the  upper  valley,  'vdiicfa  had 
been  ordered  a  day  or  two  before  by  the  district  court.  Mr.  La  Rue  estimated  that  on 
August  9  about  50  second-feet  were  flowing  at  this  point.  The  river  at  American  FaUs, 
a  point  about  40  miles  below  Blackfoot,  dischaiged  at  this  time  about  2,000  aeoondrfeet, 
and  at  Montgomery's  Ferry,  50  miles  lower  down,  the  discharge  was  1,087  second-feet. 

About  2,000  second-feet  will  ultimately  be  required  for  the  irrigation  of  the  Minidoka 
tract  and  3,400  second-feet  for  the  irrigation  of  the  Twin  Falls  tract,  the  point  of  diversion 
for  which  is  35  miles  below  the  Minidoka  dam.  According  to  recent  plans  made  in  connec- 
tion with  the  Twin  Falls  project  this  diversion  may  ultimately  be  increased  to  5,500  second- 
feet,  it  being  proposed  to  reclaim  an  additional  tract  on  the  north  side  of  Snake  River. 
There  would  then  be  required  7,500  second-feet  for  the  reclamation  of  the  lands  under 
these  two  projects,  a  total  of  about  500,000  acres.  The  mean  dischaige  of  Snake  River 
for  about  forty  days  during  the  months  of  August  and  September  from  1900  to  1905,  inclu- 
sive, with  the  exception  of  1904,  has  varied  from  2,100  to  2,400  second-feet,  or  enough  for 
the  complete  irrigation  of  about  30  per  cent  of  the  land  depending  upon  this  source  of 
supply. 

The  upper  Snake  River  Valley,  which  extends  from  American  Falls  to  the  upper  vaUeys 
on  the  headwaters  of  the  principal  tributaries,  contains  an  irrigable  area  of  790,000  acres, 
of  which  about  291,000  acres  are'  now  irrigated,  as  shown  by  surve3rs  made  by  the  State 
engineer  of  Idaho  in  1904.  The  natural  discharge  of  this  river  has  been  completely  diverted 
in  the  irrigation  of  this  area  during  August  of  every  year  from  1900  to  1905,  inclusive, 
excepting  1904. 

It  should  be  evident  from  the  foregoing  figures  that  a  large  amount  of  storage  will  soon 
be  needed  in  this  valley.  In  fact  more  than  70  per  cent  of  the  irrigable  area  of  the  Snake 
River  Valley  will  ultimately  obtain  water  for  irrigation  during  the  latter  part  of  the  season 
from  storage  reservoirs.  Fortunately  exceDent  facilities  exist  for  the  development  of  stor- 
age works  which  will  be  capable  of  so  regulating  the  flow  of  this  stream  that  practically 
every  acre  of  irrigable  land  tributary  to  it  can  be  furnished  a  full  water  supply  during  the 
latter  part  of  every  irrigating  season. 

The  most  feasible  storage  sites  are  on  the  South  Fork  of  Snake  River,  and  consist  of 
natural  lakes.  The  most  practicable  of  these  sites  is  Jackson  Lake,  which  is  situated  just 
east  of  the  Idaho- Wyoming  State  line,  a  short  distance  south  of  the  YeUowstone  National 
Park.  The  water  level  of  this  lake  can  easily  be  raised  25  feet,  when  it  will  provide  a  stor- 
age capacity  of  555,000  acre-feet. 

Surveys  have  been  made  by  the  Reclamation  Service  of  other  storage  sites  on  this  stream, 
which  include  Lewis,  Shoshone,  Emma  Matilda,  Two  Ocean,  and  Jenny  lakes;  also  a  site 
on  the  Blackfoot  River.  These  natural  storage  basins  have  a  combined  capacity  of  about 
1,000,000  acre-feet,  and  can  be  developed  at  a  cost  which  will  probably  not  exceed  50  cents 
per  acre-foot  .• 

Several  communities  in  the  upper  Snake  River  Valley  are  already  deeply  interested  in 
the  subject  of  storage  and  are  now  negotiating  with  the  Reclamation  Service  with  a  view 
to  participating  in  the  benefits  that  will  result  from  the  construction  of  storage  works  al 
Jackson  Lake.  It  is  evident  from  the  results  of  measurements  referred  to  that  a  pressing 
need  for  this  storage  will  soon  exist,  and  some  arrangements,  if  possible,  should  be  made 
to  the  end  of  providing  for  other  lands  besides  those  under  the  Minidoka  project.  This 
should  be  entirely  feasible,  inasmuch  as  it  would  add  very  little,  if  anything,  to  the  cost  of 
regulating  works  which  will  soon  have  to  be  erected  at  the  outlet  of  Jackson  Lake. 


a  For  description  of  storage  reservoirs  on  the  South  Fork  of  Snake  River  see  First  Annual  Rept. 
ReoUunation  Service,  pp.  18(V-106. 
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JACKSON  LAKE  RESERVOIR  SITB.a 

LOCATION   OF  DAM. 

Tlie  only  suitable  location  for  a  dam  is  on  the  South  Fork  of  Snake  River  about  4,000 
feet  below  the  outlet  of  the  lake.  At  this  point  the  elevation  of  the  water  surface  in  the 
river  is  6,728,  or  6  feet  below  the  water  surface  of  the  lake.  At  the  proposed  dam  site 
the  bluffs  draw  in  weU  toward  the  river  on  either  side  and  a  dam  with  a  top  elevation 
of  6,769  feet  (10  feet  above  the  water  surface  in  the  reservoir)  would  be  about  4,300  feet 
long,  while  at  any  point  above  this  the  length  of  the  dam  would  be  increased  from  50  to 
100  per  cent,  with  no  appreciable  difference  in  height.  Below  this  proposed  site  the  bluffs 
gradually  spread  out  and  a  dam  at  any  point  below  would  be  much  longer  and  some- 
what higher,  as  the  country  falls  rapidly  below  that  point.  At  the  site  selected  advan- 
tage can  be  taken  of  a  rocky  point  on  the  south  side  of  the  river  extending  to  within 
about  200  feet  of  the  edge  of  the  stream. 

TYPE  OP  STRUCTURE. 

If  a  suitable  rock  foimdation  can  be  found  at  a  reasonable  depth  it  will  perhaps  be 
found  most  economical  to  construct  the  regulating  works  in  the  present  river  bed.  A 
spillway  can  be  easUy  provided  over  the  rocky  ridge  on  the  south  side  of  the  stream.  The 
elevation  of  this  ridge  is  such  that  the  expense  of  constructing  a  suitable  spillway  would  be 
comparatively  small. 

In  case  no  suitable  foundation  can  be  found  in  the  river  bed  at  a  reasonable  depth  it 
would  be  perfectly  feasible  to  construct  both  the  regulating  works  and  the  spillway  in  the 
rocky  ridge  and  use  a  rock  fill  in  the  present  river  channel.  On  the  north  side  it  will  only 
be  necessary  to  construct  an  earthen  embankment  from  the  river  channel  to  the  bluff. 
Suitable  material  for  such  an  embankment  can  be  easily  obtained. 

The  elevation  of  the  present  bed  of  the  stream  is  about  6,718  feet.  If  the  water  surface 
be  raised  to  6,750  feet  it  is  evident  that  the  big  item  of  expense  in  connection  with  the 
dam  at  this  point  is  the  construction  of  the  controlling  works,  which  will  consist  mainly 
of  cement  or  masoniy  and  iron  work,  and  which  should  be  designed  to  discharge  10,000 
second-feet  of  water.  Another  feature  to  be  considered  in  designing  a  structure  for  this 
point  is  the  fact  that  the  ice  on  Jackson  Lake  during  the  winter  season  has  been  known 
to  be  8  feet  thick. 

POS8IBIUTY   OP  LOWERING   PRESENT   WATER   SURFACE  IN   LAKE. 

The  elevation  of  the  water  surface  in  the  lake  at  the  present  time  is  6,734  feet.  The 
elevation  of  the  water  surface  at  the  dam  site  is  6,728  feet.  By  excavating  the  river  chan- 
nel for  about  3,000  feet  from  1  to  8  feet  it  will  be  possible  to  lower  the  water  surface  in 
the  lake  to  an  elevation  of  about  6,728  feet.  The  material  to  be  excavated  is  mostly  fine 
gravel,  with  more  or  less  loose  bowlders  and  a  small  percentage  of  solid  rock.  As  a  lai^e 
additional  storage  capacity  can  be  obtained  in  this  manner  that  would  otherwise  be 
unavailable  without  affecting  the  dimensions  of  the  dam  the  scheme  may  be  found  to 
posaesB  some  merit. 

POWER  POSSIBILITIES  AT  MINIDOKA  DAM. 

The  plan  to  extend  the  irrigated  area  under  the  Twin  Falls  system  will  greatly  benefit 
the  Minidoka  project,  since  the  increased  supply  of  water  that  will  have  to  be  provided  for 
the  Twin  Falls  land  can  be  utilized  for  power  purposes  as  it  flows  over  the  Minidoka  dam. 
The  possibilities  of  irrigation  by  pumping  under  this  project  have  been  based  upon  the 
use  of  the  2,000  second-feet,  the  present  minimum  dischai^e  of  the  river  at  these  points. 
When,  however,  this  discharge  is  increased  to  5,500  second-feet,  all  of  which  can  be  utilized 


a  From  report  by  Charles  B.  Smith,  engineer. 


Digitized  by  VjOOQ IC 


146  FOURTH    ANNUAL   REPORT    OF    RECLAMATION    SERVICE. 

for  power  purposes  if  desired,  the  pumping  possibilities  are  more  than  doubled.  The 
plans  as  contemplated  for  irrigation  by  pumping  can  easily  be  extended  to  embrace  a 
much  larger  area  of  land  and  it  is  not  unlikely  that  as  much  as  170,000  acres  of  land  can 
ultimately  be  reclaimed  under  this  project.  In  addition  to  the  irrigation  poesibUities  in 
connection  with  the  increased  flow  of  the  river  is  the  development  of  power  for  other 
industrial  purposes,  a  possibility  which  should  not  be  overlooked  in  considering  the  future 
of  this  section.  The  power  possibilities  at  American  Falls  will  be  increased  in  a  similar 
degree. 

PAYETTE-BOISE  PROJECrT. 

The  general  investigations  of  this  project  that  were  concluded  during  the  field  season 
of  1904  seemed  to  point  to  its  entire  feasibility  and  to  define  clearly  its  limits.  It  was 
found  that  no  serious  engineering  difficulties  would  have  to  be  overcome  and  that  the 
estimated  cost  would  fall  within  reasonable  limits. 

The  project  contains  four  natural  subdivisions:  (1)  The  Payette  division,  comprising 
the  lands  of  the  Payette  Valley  and  the  area  in  the  Boise  Valley  that  can  be  irrigated 
by  the  waters  of  the  Payette  River;  (2)  the  North  Side  Boise  division,  comprising  the  lands 
lying  on  the  north  side  of  the  Boise  River  that  will  be  irrigated  by  means  of  a  canal  divert- 
ing from  that  stream;  (3)  the  South  Side  Boise  division,  comprising  the  lands  on  the 
south  side  of  the  Boise  Valley  that  are  to  receive  water  from  the  Boise  River;  and  (4) 
the  Succor  Creek  division,  consisting  of  the  lands  on  the  south  side  of  Snake  River  near 
the  Idaho-Oregon  State  line  in  the  vicinity  of  Succor  Creek,  a  portion  of  which  could  be 
irrigated  by  pumping  from  Snake  River,  the  power  to  be  furnished  at  the  dam  to  be  con- 
structed at  the  head  of  the  canal  on  the  Payette  River,  and  a  portion  to  receive  water  from 
Succor  Creek,  which  stream  will  be  regulated  by  storage  reservoirs. 

PAYETTE  DIVISION. 

LAND  COVERED. 

The  Payette  division  embraces  the  following  tracts  of  land:  Land  on  the  Payette  slope 
under  the  proposed  main  canal  and  extension,  18,000  acres,  all  of  which  is  desert;  land 
on  the  Boise  slope  below  the  Boise  extension  of  the  Payette  canal  and  above  the  present 
Sebree  canal,  23,000  acres,  which  is  also  desert;  land  under  the  Sebree  canal  and  its 
extension,  19,000  acres,  11,000  of  which  is  desert  and  8,000  under  cultivation;  land  under 
the  Riverside  canal,  on  the  south  side  of  the  Boise  River  and  its  extension,  12,000  acres, 
8,000  of  which  are  desert  and  4,000  under  cultivation;  a  total  of  72,000  acres,  60,000  of 
which  are  desert  and  12,000  under  cultivation. 

It  would  also  be  feasible  to  attach  the  areas  below  the  Sebree  and  Riverside  canals  to  the 
South  Side  Boise  division,  furnishing  a  supply  of  late  water  from  the  Deer  Flat  reservoir, 
the  early  supply  to  be  furnished  by  Boise  River  through  the  existing  canals  as  is  done  at 
present.  It  may  be  advisable  to  adopt  this  plan  temporarily  at  least,  or  until  the  Payette 
division  of  the  project  is  completed.  Should  this  be  done  there  would  then  only  be  41,000 
acres  of  desert  land  depending  solely  upon  the  Payette  division  of  the  works  for  their 
reclamation. 

PROPOSED   WORKS. 

It  is  proposed  to  construct  a  diverting  dam  on  Payette  River  at  a  pomt  known  as  Black 
Rock  Canyon,  about  6  miles  above  the  town  of  Emmett.  This  dam  would  be  designed 
to  raise  the  water  surface  70  feet  above  present  low  water.  The  dam  proper  would  have 
a  length  on  top  of  500  feet,  a  bottom  length  of  140  feet,  and  a  spillway  400  feet  Icmg. 

It  is  proposed  to  construct  a  canal  diverting  above  this  dam  on  the  south  side  of  the  Pay- 
ette River,  to  follow  the  foothills  for  a  distance  of  26  miles,  to  a  point  on  the  divide  between 
the  Boise  and  Payette  valleys.  The  canal  would  be  divided  at  this  point,  one  branch  being 
carried  into  Boise  Valley  and  the  other  continued  along  the  south  edge  of  the  Payette  Valley, 
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irrigating  about  18,000  acres  of  land  situated  above  the  existing  system  of  canals  in  that 
valley.  The  branch  canal  which  would  be  carried  into  the  Boise  Valley  would  irrigate  23,000 
acres  of  land  situated  above  the  Sebree  canal  and  would  also  deliver  water  for  use  during 
the  latter  part  of  the  irrigating  season  to  the  Sebree  and  Riverside  canals  to  be  distributed 
by  them  to  the  lands  they  now  serve.  This  main  canal  would  have  a  capacity  at  the  head 
of  600  second-feet,  and  at  the  point  near  the  divide  450  second-feet  would  be  diverted  into 
the  Boise  Valley,  the  remainder  passing  down  the  branch  on  the  Payette  slope. 

NORTH    SIDE   BOISE   DIVISION. 

The  lands  to  be  irrigated  by  this  canal  are  situated  on  the  north  side  of  the  Boise  Valley, 
a  portion  of  the  area  being  under  the  Farmers'  Union  canal  and  the  remainder  under  a  line 
which  would  be  an  extension  of  that  canal,  the  plan  being  to  enlarge  and  extend  the  Farmers* 
Union  canal  for  the  reclamation  of  these  lands.  This  division  of  the  project  would  contain 
a  total  area  of  33,000  acres,  25,000  acres  of  which  are  desert,  the  remaining  8,000  now  being 
irrigated  by  the  Farmers'  Union  canal. 

This  canal,  which  is  about  17  miles  long,  diverts  water  from  the  Boise  River  at  a  point 
about  3  miles  below  Boise.  It  would  be  enlarged  to  a  capacity  of  550  second-feet  and 
extended  to  have  a  length  of  27  miles.  No  engineering  difficulties  would  be  encountered 
in  the  construction  of  this  canal.  The  regulating  works  at  the  river  would  be  very  simple 
and  inexpensive,  consisting  of  a  dam  to  raise  the  water  about  4  feet.  No  rock  would  be 
encountered  in  the  excavation  of  the  canal. 

SOUTH    SIDE   BOISE   DIVISION. 

IRRIOABLV  LANDS. 

The  lands  embraced  in  the  South  Side  Boise  division  are  all  bench  lands  and  contain  a 
total  area  of  272,000  acres,  109,000  of  which  are  irrigated  or  are  provided  with  canals  of 
sufficient  capacity  for  their  irrigation.  In  this  estimated  area  is  included  the  areas  under  the 
Sebree  and  Riverside  canals. 

The  lands  in  this  division  are  distributed  as  foUows: 

Lands  under  South  Side  Boise  division  of  Payette-Boise  project. 


Canal. 

Irrigated. 

Desert. 

Total. 

New  York - 

Acret. 

a  18,000 

25,000 

11,000 

6  36,000 

« 10, 000 

9,000 

Acre*. 

94,400 

55,000 

1,600 

Acres. 
112,400 

80,000 

Settlers 

12,600 

Pioneer 

36,000 

Riverside 

2,000 
10,000 

12,000 

Sebree 

19,000 

o  Based  upon  present  capacity  of  14,000  inches  at  four-fifths  inch  per  acre. 
6  Capacity  of  existing  works  capable  of  delivering  water  to  36,000  acres, 
e  Major  portion  ofworks  have  capacity  capable  of  irrigating  10,000  acres. 

The  actual  amount  under  cultivation  in  this  division  is  only  72,000  acres,  but  as  provision 
has  already  been  made  in  the  construction  of  some  of  thess  works  for  the  diversion  of  more 
water  than  can  at  present  be  supplied,  and  as  these  works  will  all  be  available  for  use  as  a 
part  of  a  system  proposed,  it  has  been  necessary  to  classify  some  of  the  areas  as  irrigated  in 
adjusting  the  values  of  existing  works,  so  there  would  actually  be  163,000  acres  of  land  in 
this  division  without  irrigation  works  of  any  kind  and  200,000  acres  without  a  sufficient 
water  supply. 
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PROPCNSBD  CANAL  8T8TBM  FOB  SOUTH  SIDE   BOISE  DIVISION. 

It  is  proposed  to  utilize  the  New  York  canal  by  enlaigiiig  and  extending  it  and  making  it 
the  main  canal  on  the  south  side  of  the  Boise  Valley.  This  canal  and  its  extension  would 
cover  1 12,400  acres,  comprising  the  area  situated  above  the  Ridenbaugh  canal  south  of  Meri- 
dian and  Nampa  and  the  area  above  the  Pioneer  district  and  Riverside  canal,  on  the  divide 
between  Boise  and  Snake  rivers.  In  addition  to  this  area  this  canal  would  supply  practi- 
cally all  the  desert  lands  lying  under  the  Ridenbaugh  canal — about  55,000  acres — making 
a  total  area  of  about  160,000  acres  of  desert  lands  which  would  be  irrigated  from  this  source. 
In  addition  to  this  there  would  be  about  18,000  acres  of  land  for  which  canal  capacity  and 
water  right  already  exist. 

This  canal  will  divert  water  from  the  Boise  River  at  a  point  about  8  miles  above  Boise, 
near  the  mouth  of  the  canyon.  Its  course  from  this  point  will  run  southwestward  to  Indian 
Creek,  a  distance  of  26  miles.  The  major  portion  of  its  discharge  will  be  dropped  into  Indian 
Creek,  down  which  it  will  flow  for  a  distance  of  about  9  miles  to  a  point  about  4  miles  south- 
east of  Nampa.  At  this  point  it  will  be  diverted  in  a  canal  and  conducted  to  the  proposed 
Deer  Flat  reservoir,  a  distance  of  about  14  miles. 

It  is  proposed  to  give  this  canal  a  capacity  of  1,500  second-feet  from  the  point  of  diversion 
to  the  reservoir.  At  some  future  time  the  section  between  the  river  and  Indian  Creek  will 
be  enlarged  to  a  capacity  of  2,700  second-feet,  sufficient  to  irrigate  the  lands  lying  southwest 
of  Indian  Creek. 

DAM   IN   BOISE  BIVBR. 

A  diverting  dam  will  be  constructed  in  Boise  River  at  the  head  of  this  canal.  This  dam 
will  be  of  masonry,  with  a  timber  apron.  It  will  be  250  feet  long  on  the  crest  and  wiU  raise 
the  water  31  feet  above  average  low  water.  Considerable  power  could  be  deve1oi)ed  at  this 
point,  which  could  be  used  for  pumping  water  onto  higher  lands  or  for  municipal  and  other 
industrial  purposes. 

DBBR  FLAT  RB8BBVOIB. 

One  of  the  most  important  features  of  the  work  in  this  division  is  the  Deer  Flat  reservoir. 
This  reservoir  is  situated  about  4  miles  west  of  Nampa.  It  contains  an  area  of  9,250  acres 
and  has  a  total  capacity  of  186,000  acre-feet.  Two  dams  will  be  constructed — one,  the 
upper  dam,  having  a  maximum  height  of  70  feet  and  a  total  length  of  4,100  feet;  the  other, 
the  lower  dam,  having  a  maximum  height  of  45  feet  and  a  length  of  7,200  feet.  These  dams 
will  be  made  of  earth  and  gravel,  the  formation  and  contour  of  the  ground  at  the  sites  being 
very  favorable  for  dams  of  that  type.  The  reservoir  will  have  a  maximum  depth  of  60  feet 
at  the  upper  dam  and  33  feet  at  the  lower.  Water  wiU  be  diverted  30  feet  below  the  maxi- 
mum height,  which  will  give  a  net  capacity  for  distribution  of  170,000  acre-feet. 

About  107,000  acres  of  bench  lands  are  tributaiy  to  this  reservoir,  but  water  could  be 
delivered  to  fully  20,000  acres  on  the  first  bottom  of  the  river  in  addition  to  this  area. 

Careful  investigations  have  been  made  of  the  formation  at  the  site  of  the  dams  and  over 
the  entire  area  covered  by  the  reservoir.  In  making  these  tests  an  ordinary  chum  drill 
was  used.  Owing  to  the  peculiar  formation  in  this  locality,  this  method  was  somewhat  slow 
and  unsatisfactory  and  20  test  pits  from  12  to  38  feet  deep  in  the  vicinity  of  .the  proposed 
dam  sites  were  dug  by  hand  in  order  that  the  nature  of  the  formation  might  be  more  thoi^ 
oughly  examined.  The  formation  as  shown  by  the  wells  examined  and  the  test  holes  drilled 
indicates  nothing  unfavorable  near  the  surface.  There  are  no  gravel  beds  of  any  sort 
exposed  in  the  basin  and  at  no  point  examined  is  there  less  than  4  feet  of  soil  and  hardpan 
above  any  such  formation. 

In  doing  the  testing  in  the  vicinity  of  the  proposed  dams  it  was  thought  advisable  to  have 
pits  dug,  as  a  more  thorough  examination  could  be  made  of  the  material  encountered. 

In  some  of  these  pits  it  was  necessary  to  use  curbing,  especially  in  the  holes  on  the  hiUU^, 
where  sand  and  gravel  were  encountered.  No  curbing  was  used  in  the  holes  in  the  flat  or 
on  the  axis  of  either  dam.    Qood  compact  material  was  found  in  all  of  these  holes. 
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DISTRIBUrmO   STSTElf. 

By  constructing  a  distributing  canal  from  the  upper  dam  water  can  be  delivered  from 
this  reservoir  over  about  four-fifths  of  the  Pioneer  irrigation  district.  A  main  distributary 
from  this  point  could  be  constructed  to  irrigate  about  4,500  acres  lying  south  of  Nampa, 
above  the  boundary  of  the  district.  This  canal  would  cross  the  Oregon  Short  Line  RaUway 
about  1  mile  above  Nampa  and  intersect  the  Phillis  canal  at  a  point  about  2  miles  north  of 
that  place  and  would  have  to  be  constructed  through  a  portion  of  the  town  site,  over  which 
right  of  way  would  likely  be  very  expensive. 

Another  route  investigated  for  this  distributary  provides  for  a  drop  about  2  mQes  east 
of  the  point  of  diversion,  which  would  avoid  the  town  site  at  the  drop.  A  small  canal 
could  be  continued  on  the  upper  grade  plane  to  cover  the  lands  in  the  immediate  vicinity 
of  Nampa,  distributing  the  water  through  the  system  of  ditches  now  used  on  the  town  site. 
This  is  the  plan  by  which  four-fifths  of  the  Pioneer  district  could  be  irrigated,  and  the  one 
which  seems  most  feasible. 

Another  main  distributary  would  be  constructed  from  the  lower  dam  of  the  reservoir. 
This  canal  would  foUow  the  ridge  between  Boise  and  Snake  rivers,  delivering  water  to  about 
40,000  acres  of  land,  all  of  which  is  desert.  The  construction  of  this  canal  would  be  very 
simple,  the  ground  being  practically  level  throughout  and  the  formation  being  earth. 

SUCCOR  CREEK  DIVISION. 

This  division  contains  an  area  of  25,700  acres,  all  of  which  i^  in  a  desert  condition.  It 
is  proposed  to  construct  three  storage  reservoirs  on  Succor  Creek,  which  would  have  a  com- 
bined capacity  of  31,500  acre-feet,  which,  together  with  surplus  flow  of  Succor  Creek,  would 
be  available  for  the  irrigation  of  10,000  acres.  In  addition  to.  this,  15,700  acres  bordering 
Snake  River  could  be  reclaimed  by  pumping  from  that  stream. 

WATER  SUPPLY  AND  STORAGE. 

Boise  River  is  sufficient  for  the  irrigation  of  all  the  lands  tributary  to  it,  but  the  fluctua^ 
tions  in  its  flow  are  so  great  that  storage  is  necessary  to  increase  the  area  under  cultivation, 
which  comprises  less  than  one-third  of  the. lands  below  the  level  of  existing  canals  and  their 
extensions. 

It  was  hoped,  when  these  investigations  were  begun,  that  suitable  sites  for  reservoirs 
could  be  found  on  the  headwaters  of  Boise  River,  but  after  very  careful  examinations  had 
been  made  and  numerous  sites  had  been  surveyed  it  was  decided  that  only  two  basins  would 
be  available  for  the  purpose,  and  these  can  be  developed  only  at  considerable  cost.  Fortu- 
nately, however,  it  was  discovered  that  the  Deer  Flat  basin  could  be  utUized  to  good 
advantage.     It  will  irrigate  all  the  lands  for  which  storage  can  be  developed. 

The  storage  conditions  were  found  to  be  more  favorable  on  Payette  River,  an  excellent 
site  existing  at  Payette  Lake,  which  can  be  utilized  at  small  cost. 

The  reservoirs  referred  to  on  Boise  and  Payette  rivers  are  described  in  the  Third  Annual 
Report  of  the  Reclamation  Service,  pages  238  to  240. 

It  is  estimated  that  from  65,000  to  70,000  acre-feet  can  be  stored  in  the  two  reservoirs 
on  Boise  River.  This  water  wiU  be  used  on  the  lands  situated  under  the  high  line  canals 
of  the  valley,  lands  above  the  distributing  system  from  the  Deer  Flat  reservoir.  This  sup- 
ply will  not  be  sufficient  for  the  entire  area  so  situated,  but  it  is  expected  that  the  amount 
thus  furnished  can  be  supplemented  by  water  which  now  belongs  to  the  lower  Boise  lands,  but 
which,  after  the  construction  and  use  of  the  Deer  Flat  reservoir,  can  be  supplied  to  the 
upper  canals,  so  that  practically  all  of  the  land  situated  under  these  higher  canals  can 
obtain  water  during  the  entire  irrigating  season. 

It  is  the  plan  to  give  the  canals  which  would  be  constructed  a  large  capacity — 1  second- 
foot  for  each  60  acres  of  land — with  a  view  to  furnishing  the  abundant  supply  of  flood  water 
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which  will  be  available  to  the  later  part  of  June  of  every  year.  This  will  insure  the  success- 
ful irrigation  of  all  kinds  of  crops  up  to  that  time.  Not  much  irrigation  will  be  required 
for  grain  after  the  end  of  June,  so  that  it  is  believed  there  will  be  enough  water  from  the 
natural  flow  of  the  river  for  the  irrigation  of  grain  crops  and,  during  most  years,  for  two 
cuttings  of  hay,  and  that  by  adopting  an  economical  system  for  the  distribution  of  the  late 
water — the  considerable  area  which  will  require  only  early  irrigation  being  then  laid  aside — 
there  will  be  provided,  by  the  means  proposed,  a  sufficient  supply  for  the  late  irrigation  of 
the  remaining  area. 

The  storage  sjrstem  developed  on  the  Payette  River  will  be  necessary  for  regulating  the 
flow  of  that  stream  during  the  later  part  of  August  and  the  month  of  September  during 
years  of  low  water.  There  will  be  many  seasons,  however,  when  these  works  wUl  not  be 
necessary  unless  it  should  be  decided  at  some  future  time  to  utilize  the  power  facilities  that 
will  be  available  at  the  dam  on  Payette  River.  Should  it  be  decided  to  develop  much 
power  at  this  point,  the  flow  of  the  river  could  be  regulated  to  almost  any  degree,  so  that 
a  laige  amount  of  power  could  be  developed  without  interfering  in  any  way  with  the 
irrigation  rights  lower  down  on  the  stream. 

APPROVAL  OF  THE  PROJECT. 

A  report  containing  plans  and  estimates  was  presented  to  a  project  board  consisting  of 
the  governor  and  State  engineer  of  Idaho  and  engineers  of  the  Reclamation  Service.  A 
reconmiendation  was  made  by  this  board  that  the  project  as  a  whole  be  approved  and  that 
steps  be  taken  for  the  construction  of  a  portion  of  the  undertaking  that  would  form  a  com- 
plete project  in  itself.  The  portion  recommended  for  immediate  construction  was  a  part 
of  the  South  Side  Boise  division  of  the  project,  it  being  recommended  that  the  New  York 
canal  be  acquired,  to  be  enlaiged  and  extended  in  the  manner  already  described,  and  a 
reservoir  constructed  on  Deer  Flat.  In  making  these  recommendations,  however,  the 
board  proposed  that  the  main  canal  should  be  constructed  to  full  capacity,  namely,  2,700 
second-feet. 

In  March,  1905,  favorable  recommendations  having  been  made  to  the  Secretaiy  of  the 
Interior,  the  project  was  approved  and  $1,300,000  was  set  aside  for  inunediate  use  in  the 
construction  of  the  necessary  works.  Detailed  surveys  of  the  works  proposed  in  this  divi- 
sion were  at  once  begun,  and  careful  surve3rs  were  made  of  the  New  York  canal,  the  Deer 
Flat  reservoir,  and  of  all  main  distributaries  leading  from  the  reservoir.  These  surveys 
were  completed  and  estimates  made  during  October,  1905. 

USE  OF  THE  NEW  YORK  CANAL  AND  ITS  EXTENSION. 

Negotiations  were  also  conducted  and  concluded  by  the  Reclamation  Service  for  the 
transfer  of  the  New  York  canal  and  its  extension  to  the  United  States,  the  contract  for  the 
transfer  of  this  property  having  been  duly  authorized  by  the  stockholders  of  the  companies 
interested. 

PURCHASE  OF  THE  RIDENBAUQH  CANAL  SYSTEM. 

One  of  the  conditions  upon  which  the  approval  of  the  project  was  based  was  the  purchase 
by  the  landowners  of  existing  canal  systems  operated  on  a  rental  basis.  The  only  system 
coming  under  this  head  is  the  Ridenbaugh  cimal.  The  Nampa-Meridian  irrigation  district 
was  oiganized  in  1903  for  the  sole  purpose  of  acquiring  this  property.  In  December,  1904, 
a  bond  election  was  held  for  the  purpose  of  authorizing  the  issuance  of  bonds  sufficient  to 
purchase  the  system  and  enlarging  it  so  that  it  would  be  capable  of  irrigating  about  80,000 
acres  of  land,  25,000  of  which  were  at  that  time  under  cultivation.  The  bonding  proposi- 
tion, however,  was  defeated.  In  July,  1905,  another  bond  election  was  called,  the  plan 
being  to  issue  bonds  sufficient  to  pay  the  purchase  price  of  the  canal,  $285,000,  this  amount 
to  be  paid  by  the  lands  now  being  irrigated  by  the  system.     It  was  proposed  that  the  desert 
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lands  of  the  district  should  receive  their  water  from  works  which  would  be  constructed  by 
the  Government.  This  plan  was  laid  before  the  voters  of  the  district  and  after  a  thorough 
discussion  was  approved  at  an  election  held  August  26,  the  votes  standing  10  to  1  in  favor 
of  the  plan  proposed. 

No  provision  exists  in  the  irrigation  district  law  of  Idaho  for  changing  the  boundaries  of 
an  irrigation  district  after  they  are  once  established,  so  it  became  necessary  to  devise  a  plan 
by  which  this  canal  system  could  be  acquired  by  the  district  and  by  which  at  the  same  time 
the  owners  of  desert  lands  might  secure  water  rights  from  the  Government  works  and  the 
Government  project  might  proceed  without  depending  upon  the  district  organization.  The 
last  provision  was  very  desirable,  owing  to  the  fact  that  the  irrigation  district  law  and  the 
reclamation  act  appear  to  be  somewhat  at  variance  in  a  few  essential  features. 

The  plan  to  charge  the  purchase  price  of  the  Ridenbaugh  canal  to  the  lands  that  have  been 
using  the  water  therefrom  met  the  approval  of  all  concerned,  and  the  arrangement  that  the 
owners  of  desert  lands  within  the  district  should  take  water  from  the  Government  works 
was  also  desired,  and  the  successful  conclusion  of  negotiations  for  the  transfer  of  the  New 
York  canal  to  the  Gk>vemment  to  be  used  as  a  main  canal  will  enable  these  arrangements 
to  be  carried  out  without  delay  or  conflict  in  any  way.  The  owners  of  desert  land  within 
the  boundaries  of  the  district  really  assume  none  of  the  obligations  of  this  organization,  and 
any  delay  that  may  occur  in  concluding  the  sale  of  bonds  and  taking  over  the  Ridenbaugh 
canal  will  not  involve  the  United  States  in  any  way  whatever,  since  the  water  users  who 
win  pay  for  this  system  will  be  interested  only  in  procuring  a  supply  of  water  that  can 
not  be  directly  furnished  until  storage  works  on  the  headwaters  of  the  Boise  River  are 
constructed. 

PURCHASE  OF  RIGHT  OF  WAY. 

Another  condition  upon  which  the  approval  of  the  project  was  based  was  the  negotiation 
for  the  purchase  of  the  necessary  right  of  way  on  Deer  Flat  by  the  Payette-Boise  Water 
Users'  Association.  These  negotiations  involved  the  purchase  by  the  United  States  of 
6,675  acres  of  land  on  Deer  Flat,  5,860  being  desert  and  806  being  under  cultivation,  some 
of  it  well  improved.  The  negotiations  were  begun  in  May,  1905.  A  careful  examination 
of  these  lands  was  made  by  members  of  the  Water  Users'  Association,  and  an  effort  was 
made  to  place  a  value  on  them  which  would  do  justice  to  all  parties  interested.  Although 
many  of  the  owners  raised  objections  to  the  value  placed  on  their  holdings,  many  contracts 
for  purchase  have  been  entered  into,  and  it  is  thought  that  all  differences  can  be  satis- 
actorily  adjusted  and  the  necessary  right  of  way  acquired  without  resorting  to  condenma- 
tion  proceedings. 

DUBOIS  PROJECT. 

The  preliminary  investigations  made  during  the  field  season  of  1003  showed  that  there 
were  from  300,000  to  400,000  acres  of  desert  land  in  the  western  portion  of  Fremont  County 
of  fine  quality  and  well  situated  for  irrigation.  (See  PL  XVI.)  These  investigations  also 
indicated  that  it  would  be  entirely  feasible  to  construct  canals  for  the  reclamation  of  a 
portion  of  this  tract.  During  the  latter  part  of  the  field  season  of  1003  a  reconnaissance 
survey  was  begun  on  the  headwaters  of  the  North  Fork  of  Snake  River  and  its  tributaries 
with  a  view  to  ascertaining  the  existence  of  reservoir  sites,  for  it  was  found  that  the  feasi- 
bility of  the  project  finally  depended  upon  the  practicability  of  storing  about  700,000 
acre-feet  of  water  of  these  streams.  These  preliminary  investigations  were  intrusted  to 
Mr.  JameB  G.  Camp,  engineer,  and  were  completed  during  the  latter  part  of  the  field  season 
of  1004 — too  late,  however,  to  permit  the  results  to  be  included  in  the  Third  Annual 
ReckmatioQ  Report. 
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RESERVOIR  SURVEYS. 


V. 


GBHEBAL  STATEMENT. 

Twenty  reservoir  sites  were  surveyed  by  Mr.  Camp,  most  of  them  good,  but  not  all 
located  just  where  they  would  be  most  needed.  The  combined  capacity  of  these  resei^ 
voirs  is  1,840,000  acre-feet,  fuUy  twice  as  much  as  will  likely  be  required  in  connection 
with  this  project. 

The  following  is  a  list  of  these  basins,  showing  their  location,  proposed  depth  of  wiater, 
and  capacities: 

TcMe  showing  location,  depth,  and  capacity  of  Dubois  reservoir  system. 


Location. 

Name  of  reservoir. 

Proposed 
depth  of 
water. 

Capacity 

North  Fork  Snake  River 

HenT^  If-akfl 

Feet, 
20.0 
50.0 
70.0 
00.0 
C0.0 
25.0 
30.0 
50.0 
26.0 
12.5 
25.0 

Acre-feel, 

112,000.0 

194,000.0 

294,700.0 

8,470.0 

234,000.0 

1,280.0 

1,330.0 

6,050.0 

7,275.0 

2,109.0 

Do 

Flat  Rock 

Do 

Inland  Park 

Robinson  Fork  of  Warm  River 

Little  Porcupine 

Fall  River 

Fall  River  Meadows 

Do 

MnnntJLhi  Aiih            

Do 

Upper  Ford 

Do 

Qrassy  Lakes 

Do 

The  Forks 

Do 

Beula  Meadows 

Do 

South  Fork  Snake  River 

Shoshone  Lake ... 

15.0  1      280,000.0 
30.0  '        22.440.n 

Do 

Lewis  Lake 

Do 

Aster  Creek 

50.0 
70.0 
25.0 
25.0 
30.0 
55.0 
25.0 
100.0 

23,716.0 
16,940.0 
1,060.0 
1,280.0 
7,250.0 
5,644.0 
6,685.0 
422,200.0 

Tributaries  of  Fall  River 

Canyon  Creek ...... 

Do 

Crooked  Lake 

Do 

Do 

Upper  Boon  Creek 

Do 

Lower  Boon  Creek 

Do 

Squirrel  Creek 

Teton  River 

Teton  C^reek 

Estimates  of  water  supply  based  on  the  recorded  flow  of  the  low  years  of  1902-3  show 
that  there  would  be  available  for  storage  on  the  North  Fork  above  Teton  River  900/X)0 
acre-feet;  from  Fall  River,  400,000  acre-feet;  from  Teton  River,  400,000  acre-feet,  and 
from  Lewis  River  at  the  outlet  of  Lewis  Lake,  110,000  acre-feet;  a  total  of  1,810,000  acre- 
feet. 

Of  the  900,000  acre-feet  on  the  North  Fork,  Henry  Fork  furnishes  approximately 
523,000.  Of  the  three  reservoirs  on  this  stream  Henry  Lake  will  have  112,000  acre-feet, 
Fla(  Rock  194,000  acre-feet,  and  Island  Park,  with  90-foot  dam,  501,000  acre-feet,  a  total 
of  807,000  acre-feet.  As  this  is  284,400  in  excess  of  the  supply,  it  would  probably  be  advis- 
able to  use  a  lower  dam  at  Island  Park,  which  is  most  costly  of  the  three.  With  a  75-foot 
instead  of  a  90-foot  dam  Island  Park  would  have  a  capacity  of  294,700  acre-feet.  These 
three  would  have  a  capacity  of  001,000  acre-feet,  with  a  supply  of  523,000  acre-feet  in 
extreme  low  years,  and  almost  a  certainty  of  any  three  years'  flow  keeping  them  full  for 
three  years. 

Of  the  available  flow  of  Fall  River  in  1902-3,  206,200  acre-feet  came  from  Belcher 
River  and  could  have  been  used  in  the  Fall  River  Meadows  site.  As  this  site  with  a  50-foot 
dam  has  a  capacity  of  195,000  acre-feet,  and  with  a  55-foot  dam'  234,000  acre-feet,  it 
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would  seem  advisable  to  use  the  latter^  eepeciaUy  as  no  lower  sites  are  available,  and  in 
nonnal  years  this  reservoir  would  be  very  apt  to  be  filled.  This  also  brings  surplus  water 
from  Mountain  Ash  reservoir  by  ditch  into  this  reservoir. 

The  primary  reason  for  these  investigations  was  the  need  of  700,000  acre-feet  storage 
on  the  North  Fork.  This  can  be  obtained  cheapest  in  the  folTowing  four  sites,  if  diversion 
is  necessary  above  where  Teton  water  would  be  available  in  order  to  use  the  water  on  the 
Dubois  project: 

Most  feasible  eiieefor  storage,  Dubois  projed. 


Name 

Capacity  in 
acre-leet. 

112,900 

Flat  Rook...              

194,000 

Island  Park 

294,700 

Fall  River  Meadows -- 

196,000 

Total 

796,000 

If  it  were  desired  to  store  as  large  a  per  cent  of  the  available  water  of  North  Fork  and 
Teton  rivers  as  is  practicable  within  reasonable  limit  of  cost,  then  the  following  should 
be  added  to  the  above: 


Addiiiorud  sUes  avaHahU  for  storage,  Dubois  project. 


Name. 


Capacity  In 
acre-feet. 


Fall  River  Meadows  (increased  5  feet  in  depth) 

Mountain  Ash 

Teton  (100- foot  water  line) 

Total 

Total  of  preceding  table 

Total 


30,000 
62,800 
422,200 


524,000 
796,000 


1,^20,000 


In  this  table  the  Teton  reservoir  water  line  was  cut  down  from  the  110-foot  line  to 
the  100  foot,  as  the  amount  of  water  available  for  storage  at  that  point  will  probably  not 
exceed  400,000  acre-feet. 

Following  are  descriptions  of  seven  available  reservoir  sites  which  it  may  be  feasible 
to  use  in  connection  with  the  Dubois  project. 

FLAT  ROCK  RESEBVOIB. 

This  site  covers  an  area  of  wild  meadow,  some  of  it  taken  up  as  ranches,  with  very  little 
improvement.  The  eastern  side  and  the  slopes  to  the  southwest  are  heavily  timbered 
with  black  (or  jack)  pines  and  scattered  firs.  Over  half  of  the  river  flows  from  the  big 
springs  on  the  east  side,  and  this  would  be  the  main  source  of  supply,  although  in  the  spring 
there  is  a  large  run-off  from  the  high  mountains  to  the  northeast. 

The  dam  site  is  a  good  one,  being  where  a  rocky  point  on  one  side  is  opposite  an  earth 
point  on  the  other.  The  river  bed  is  gravel  and  small  bowlders.  Half  a  mile  above  the 
site  a  ledge  of  soft  sandstone  crops  out  in  the  river  bed,  and  would  probably  be  found  at 
no  great  depth  at  the  dam  site.  On  both  sides  is  higher  ground,  from  which  material 
could  be  hauled  for  construction.    The  soil  is  sandy  with  broken  rock  and  bowlders. 
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Both  sides  are  heavily  timbered.  On  the  west  side  the  abutment  for  the  dam  is  apparently 
an  outcrop  of  a  ledge  of  sandstone  covered  with  soil.  This  point  is  from  100  to  200  feet 
wide  on  top  and  could  be  cut  to  water  level  for  a'wasteway.  The  outlet  could  be  a  tunnel 
through  this  point.  The  main  body  of  water  being  around  a  point,  not  much  protection 
will  be  necessary  against  wave  action.  A  long  gap  on  the  east  side  greatly  increases  the 
cost  of  construction.  A  dam  containing  216,700  cubic  yards  of  earth  is  necessary  to  pre- 
vent water  flowing  into  Buffalo  River  drainage.  If  accurate  gaging  shows  that  there  is  not 
194,000  acre-feet  available  at  this  point  after  filling  Henry  Lake,  the  cost  would  be  greatly 
reduced  by  lowering  these  dams.  An  old  road  traverses  this  basin,  but  as  a  shorter  new 
one  leaves  the  river  below  the  dam  site  and  crosses  only  a  small  portion  of  the  shore  line 
the  change  will  not  cost  much 

Capacity  of  Flat  Rock  reservoir. 


Contour. 


Feet. 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 


Area. 


Acres. 

51.4 

247.7 

1,182.3 

1,»76.6 

3,114.0 

3,495.3 

5,990.7 

7,747.7 

9,757.0 

11,467.6 


Capacity 

Total 

of  section. 

capacity. 

Acre-feet. 

Acre-feet. 

128 

128 

748 

876 

3,575 

4,461 

7,897 

12,384 

12,727 

25,111 

16,523 

41,634 

23,716 

65,349 

34,371 

99,720 

43,761 

143,481 

50,561 

194,006 

ISLAND   PARK  RESERVOIR. 

This  is  one  of  the  largest  basins,  and  if  there  was  sufficient  water  could  have  a  capacity 
of  501,000  acre-feet.  As  low  years  would  leave  only  216,000  acre-feet  for  this  site  after 
fiUing  those  above,  it  was  reduced  from  a  90-foot  to  a  75-foot  water  level,  which  at  the 
lower  dam  gives  294,700  acre-feet. 

Two  dam  sites  were  surveyed  here,  one  at  the  beginning  of  the  canyon  and  one  about  a 
mile  lower  down  the  river.  Both  were  estimated  for  70-foot  and  85-foot  water  lines,  respec- 
tively, but  imder  existing  conditions  the  lower  dam  is  the  cheaper  and  would  give  the  greater 
storage  capacity.  Both  dam  sites  are  in  lava-rock  canyons  and  would  be  rock  fill  in  the 
canyon,  with  earth  wings  on  the  bluffs  on  either  side.  At  either  place  is^  abundant  rock  in 
shattered  cliffs.  No  quarrying  would  be  necessary.  The  blocks  are  from  2  to  20  feet 
square  and,  with  a  cable,  most  of  the  rock  could  be  run  in  by  gravity.  The  estimates  were 
made  on  rock  fill,  faced  with  earth  puddle,  25  feet  on  top,  IJ  to  1  lower  slope,  3  to  1  upper 
slope.  The  outlet  could  be  either  a  curved  tunnel  in  the  canyon  side  or  a  masonry  tunnel 
through  the  dam.  The  wasteway  could  be  at  either  end  of  the  dam  or  through  a  gap  on 
the  east  shore  line  into  Warm  River.  As  there  are  never  any  cloudbursts  in  this  country 
nor  extreme  high  water,  there  is  but  little  need  of  a  wasteway.  It  would  be  desirable  to 
hold  all  the  flow,  and  it  could  be  regulated  by  the  outlet  gates.  About  6,000  acres  of  farm 
land  in  this  basin  add  25  per  cent  to  the  cost.  The  northeast  portion  of  the  basin  is  meadow 
and  prairie  land,  the  balance  very  heavily  timbered  with  a  dense  growth  of  jack  pines  that 
would  make  an  accurate  location  survey  expensive  unless  the  right  of  way  were  first  burned 
off,  which  would  be  the  cheapest  way  to  clear  it. 


Digitized  by  VjOOQ IC 


IDAHO:   DUBOIS   PBOJECT. 


155 


Capacity  ofldand  Park  reservoir  with  upper  dam  75  feet  in  height. 


Contour. 

Area. 
Acres. 

Capacity 
of  section. 

A  cre-feei. 

Total 
capacity. 

Feet. 

Acre-feet. 

5 

101.8 

254 

254 

10 

285.8 

967 

1,221 

15 

585.5 

2,178 

3,399 

20 

803.6 

3,473 

6,872 

25 

1,167.3 

4,677 

11,549 

30 

1,712.7 

7,200 

18, 7« 

35 

2,771.1 

11,209 

29,958 

40 

3,383.1 

15,146 

45,104 

45 

5,051.4 

21,066 

66,190 

50 

6,645.0 

29,241 

95,431 

55 

8,028.0 

36,682 

132, 113 

60 

8,962.6 

42,477 

174,500 

65 

9,916.0 

47,196 

221,786 

70 

11,168.2 

52,711 

274,497 

75 

12,238.3 

58,516 

333,013 

80 

13,387.8 

64,066 

397,079 

85 

13,995.3 

68,457 

465,536 

HENRY   LAKE  RESERVOIR. 

This  site  is  a  natural  lake  situated  near  the  head  of  Henry  Fork.  The  dam  site  is  about  2 
miles  below  the  outlet.  The  dam  would  be  only  25  feet  high  and  its  construction  presents 
no  difficulties.  The  material  is  a  sandy  loam  with  gravel  and  bowlders.  Protection  against 
wave  action  would  be  necessary. 

Capacity  of  Henry  Lake  reservoir  site. 


Contour. 

Area. 

Capacity 
of  section. 

Total 
capacity. 

Feet. 

Acres. 

Acre-feet. 

A  cre-feei. 

0 

3,722 

0 

0 

5 

5,013 

21,837 

21,837 

10 

5,840 

27,132 

48,960 

15 

6,311 

30,377 

79,346 

20 

6,905 

33,040 

112,386 

FALL  RIVER   MEADOWS   RESERVOIR. 

This  site  has  a  fine  basin,  a  succession  of  mountain  meadows  forming  a  very  flat  bottom. 
The  slopes  are  thickly  timbered  with  jack  pines.  These  slopes  bear  numerous  springs  and 
are  traversed  by  many  small  streams  from  the  surrounding  mountains  joining  Bechler  River, 
which  flows  through  the  basin.  In  one  of  the  meadows  is  a  small  group  of  hot  springs,  but 
these  are  of  no  importance  from  a  scenic  point  of  view.  A  private  Yellowstone  Park  road 
passes  through  the  basin,  but  this  could  pass  over  the  dam,  or  wiU  probably  be  abandoned 
for  a  Government  road  west  of  the  basin.  The  dam  will  be  3.3  miles  long  and  55  feet  high 
at  the  river. 

The  bed  of  the  river  at  the  point  where  it  crosses  the  dam  site  is  formed  of  solid  lava  rock. 
The  wings  of  the  dam  will  follow  a  string  of  irregular  hills  that  extend  from  the  river  back 
to  the  mountain  on  the  east  and  to  a  high  bench  on  the  west.  Much  of  this  will  need  only 
from  10  to  16  foot  embankment.    On  the  west  side  is  an  excellent  plftc^  fgr  ^  waeteway ;  ^ 
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10-foot  wall  would  drop  the  water  on  to  a  flat  ledge  of  rock,  from  which  it  would  descend  to 
a  rocky  canyon,  carrying  it  to  the  river,  IJ  miles  below  the  dam. 

The  outlet  could  be  a  masonry  tunnel  on  the  rock  bed  of  the  river.  Plenty  of  good  mate- 
rial— a  sandy  loam  mixed  with  smaU,  broken  rock — can  be  found  near  the  dam  site.  The 
dam  line  is  mostly  in  thick  black  pine  timber. 

Here,  as  at  the  North  Fork  sites,  wave  action  would  have  to  be  guarded  against;  prob- 
ably the  cheapest  and  most  permanent  protection  would  be  willows.  These  grow  readily 
and  would  soon  form  a  dense  growth  that  would  prevent  any  damage  from  waves.  As  a 
temporary  protection  until  they  had  become  started,  rafts  of  pine  logs  could  be  floated  and 
anchored  on  the  upper  side  of  the  dam.  Long  before  these  would  have  rotted  the  willows 
would  stand  any  waves  probable  in  this  section. 

Capacity  of  Fall  River  Meadows  reservoir  siU* 


Con- 
tour. 

Feet. 

Area. 

'  Capacity 
of  section. 

Total 
capacity. 

Acres. 

j  Acre-feet. 

Acre-feet. 

0 

0 

1               ^ 

0 

5 

115 

288 

28d 

10 

2,770 

1          7,220 

7,510 

15 

3,7W) 

16,400 

23,900 

20 

4,290 

20,200 

44,100 

25 

5,020 

23,300 

67,400 

30 

5,540 

26,400 

93,800 

35 

6,620 

30,400 

124,000 

40 

7,180 

34,600 

158,000 

45 

7,520 

36,700 

195,408 

50 

234,000 

1 

MOUNTAIN   ASB   BESBRVOIB. 

This  site  has  a  very  irregular  basin  with  a  number  of  lakes,  meadows,  and  willow  flats. 
Fall  River^  Mountain  Ash  Creek,  Proposition  Creek,  and  a  number  of  small  creeks  traverse 
the  basin.  The  basin  is  formed  by  an  irregular  ridge  which  extends  from  the  Pitchstone 
Plateau  on  the  north  to  the  mountains  on  the  south.  In  places  this  rises  several  hundred 
feet  above  water  line,  but  it  will  be  necessary  to  dam  four  gaps.  The  main  one  is  where  the 
river  makes  a  sharp  bend  to  the  north  and  passes  through  the  ridge,  which  seems  to  ^lit, 
the  ends  on  opposite  sides  lapping  each  other.  Here  the  basalt  foundation  of  the  ridge  is 
hidden  by  a  surface  of  sandy  soil  mixed  with  broken  rock.  Big  bowlders  in  the  stream  and 
rapids  below  would  indicate  that  solid  rock  exists  at  no  great  depth  below  the  bed  of  the 
stream.  There  being  no  rock  within  a  mile  of  the  dam  site,  estimates  were  made  for  an 
earth  embankment  with  puddle  center.  The  outlet  would  be  of  masonry,  under  the  dam. 
The  wasteway  could  be  made  at  either  of  the  three  side  gaps.  The  gap  on  the  north  side 
is  near  the  present  Yellowstone  National  Park  road.  This  would  be  an  earth  embankment 
and  presents  no  difficulties,  plenty  of  material  being  convenient.  A  ditch  was  surveyed 
from  this  gap  as  a  feeder  to  Fall  River  Meadows  reservoir.  A  ditch  1.8  miles  long  would 
reach  it  with  10  feet  difference  in  elevation.  It  would  have  easy  slopes,  but  would  have  to 
cross  one  rocky  canyon,  where  a  flume  would  be  necessary.  A  rocky  gap  on  the  east  side 
leads  to  Canyon  Creek  reservoir.  An  earth  embankment  would  be  sufficient  except  at  the 
south  end,  where  a  wasteway  could  easily  be  made  by  building  a  rock  wall  on  top  of  a  rocky 
ridge  and  allowing  the  waste  to  fall  on  a  rock  slope.  From  this  gap  a  feeder  ditch  line  was 
run  southeastward  to  Crooked  Lake  and  thence  to  Boone  Creek  reservoir;  but  as  the  lake 
has  sufficient  local  drainage,  and  a  light  cut  at  a  gap  at  the  head  of  Loon  Lake  would  be  far 
cheaper  as  a  feeder,  this  will  not  be  used. 
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Hie  fourth  gap  is  on  a  rocky  ridge  near  the  south  end  of  dam,  and  is  small.  If  a  lower 
water  line  had  been  used  these  gaps  need  not  have  been  considered,  but  the  available  supply 
being  greater  than  the  capacity  the  water  line  was  put  up  to  the  limit. 

Capacity  of  Mountain  Ash  reservoir  site. 


Con- 

Area. 

Capacity 

Total 

tour. 

of  section. 

capacity. 
Acre^eet. 

Feet, 

Acre*. 

Acre-feet. 

5 

0.0 

0 

0 

10 

18.7 

47 

47 

15 

79.4 

247 

294 

20 

327.1 

1,016 

1,310 

25 

383.1 

1,776 

3,086 

30 

534.6 

2,294 

5,380 

35 

7M.4 

3,348 

8,728 

40 

1,238.3 

5,062 

13,790 

45 

1,271.0 

6,273 

20,063 

50 

1.612.1 

7,207 

27,270 

55 

2,113.0 

9,313 

36,583 

60 

2,710.3 

12,058 

48,641 

05 

2,944.0 

14,166 

62,807 

LEWIS-SHOdHONE   LAKES  RB8EBVOIB. 

Shoshone  Lake  was  surveyed  for  a  reservoir  in  1902  by  J.  T.  Burke,  who  planned  a  20-foot 
dam  at  the  outlet.  Surveys  made  in  1904  demonstrated  that  there  was  a  difference  of  only 
10  feet  in  elevation  between  the  two  lakes,  and  it  was  decided  to  combine  the  two  in  one 
reservoir  by  a  dam  at  the  outlet  of  Lewis  Lake.  The  outlet  of  Shoshone  into  Lewis  Lake 
is  a  sluggish  stream  with  but  little  fall  except  just  below  the  upper  lake. 

Two  dam  sites  were  surveyed.  The  upper  site  was  at  a  wide  gap  where  there  were  hot 
^rings,  and  was  not  considered  desirable.  Half  a  mile  below  the  lake  a  good  site  was  found 
in  solid  rock — 68  feet  across  the  bottom,  338  feet  across  the  top,  and  45  feet  high.  If  it 
were  not  100  miles  distant  from  a  railroad  point  at  which  cement  might  be  delivered,  a 
masonry  dam  might  be  best  here,  but  an  earth  embankment  with  concrete  core  should  be 
perfectly  safe.  Plenty  of  sand  could  be  found  on  the  lake  shore  half  a  mile  above  and 
earth  on  either  bank  of  the  river.  Rock  points  jutting  out  on  both  sides  would  make  good 
anchorage.  At  the  west  end  of  the  dam  is  a  rocky  knoll  with  a  gap  between  it  and  the 
main  hill.  This  could  be  cut  down  about  10  feet  and  used  as  a  wasteway,  a  draw  carrying 
the  wat«r  back  to  the  river  1,200  feet  below  the  dam,  but  the  dam  would  better  be  10  feet 
too  high  than  to  lose  water  even  one  year  out  of  ^ve.  The  Park  road,  which  would  have 
to  be  moved,  is  not  permanent,  but  temporary,  and  a  road  equally  good  could  be  made 
hi^er  up  the  mountain  side.  The  design  in  surveying  this  site  was  to  use  the  water  on 
North  Fork  drainage  by  diverting  from  Lewis  River  and  carrying  by  ditch  around  the 
mountain  side  to  some  point  on  the  divide  east  of  Beula  Creek,  the  most  easterly  branch  of 
Fall  River. 

Three  lines  were  run.  The  upper  one,  starting  just  below  the  dam,  at  an  elevation  of 
7,700  feet,  was  11.98  miles  long  to  the  crest  of  the  Beula  divide.  The  second  line  was 
started  below  Lewis  Falls  at  an  elevation  of  7,653  feet.  It  was  1 1 .99  miles  long.  The  third 
line  contemplated  dropping  the  second  line  at  the  end  of  the  eighth  mile  into  the  natural 
channel  of  Crawfish  Creek,  then  diverting  as  low  as  possible  from  that  creek  with  a  ditch 
line  5J2  miles  long,  and  entering  Hering  Gap  at  the  water  level  of  Beula-Hering  reservoir. 

The  first  or  high  line  encountered  a  slide-rock  bluff  at  the  end  of  the  first  mile  and  one-half 
that  would  necessitate  three-fourths  mile  of  flume.  Between  east  and  west  forks  of  Spirea 
Cnek  it  eDOOuntered  considerable  rock,  and  the  last  mile  was  largely  on  a  slide-rock  hillside 
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full  of  big  springs.  The  second  line  at  the  end  of  the  first  mile  entered  the  rocky  rim  of  the 
Lewis  Canyon  and  was  laigely  in  rock  for  3.3  miles,  after  which  it  encountered  no  special 
difficulties.    The  lowest  line  could  avoid  rock  entirely. 

Contours  were  located  by  vertical  angles  above  and  below  these  lines,  and  when  platted 
up  the  intervening  ones  were  interpolated. 

As  a  solution  of  the  problem  of  the  two  bluffs  at  the  head  of  these  lines  a  diversion  dam 
was  planned  at  the  head  of  the  Lewis  Canyon  to  divert  at  an  elevation  of  7  685  feet.  On 
the  map  a  line  was  projected  with  this  initial  elevation  and  a  grade  of  0.4  foot  in  1,000.  At 
east  fork  of  Spirea  Creek  it  was  drop|)ed  to  7,665  feet  to  avoid  rock  beyond,  and  at  Station 
317 -f  96  it  was  dropped  to  the  low  line,  which  it  followed  to  the  Beula  divide.  Estimates 
were  made  on  this;  also  on  an  alternative  line  dropping  at  Station  4204-11  of  the  low  line 
into  Crawfish  Creek  and  thence  using  the  third  line. 

The  ditch  was  to  carry  1 ,500  second-feet  on  a  grade  of  0.4  foot  in  1 ,000.  Rock  cross  section 
36  feet  on  top,  24  feet  on  bottom,  12  feet  deep;  banks,  one-half  to  1  slope.  Earth  cross 
section,  39  feet  on  bottom,  75  feet  on  top,  12  feet  deep;  banks,  1 J  to  1  slope. 

Capacity  of  Lewis  and  Shoshone  lakes  reservoir  site. 


Contour. 

Lewis  Lake. 

Shoshone  Lake. 

Total 
capacity. 

A  ma       '   Capacity 
^^^'        of  section. 

A-.       S^^l^, 

Feet. 
15 
20 
25 
30 
35 
40 
45 
50 

Acres. 
28.0 
3,219.3 
3,659.0 
4,051.0 
4,205.6 
4,257.0 
4,302.0 
4,673.0 

Acre-feet. 

Acres.    '  Acre-feet. 

Acre-feet. 

162 
17,195 
19,275 
20,647 
21,156 
21,397 
22,438 

1 

162 

17,357 

36,632 

95,971 

158,279 

222,576 

289,024 

8,005 
8,456 
8,704 
8,900 

38,092 
41,152 
42,900 
44,010 

TETON    RESERVOIR. 

lliis  is  the  largest  of  all  the  sites  and  presents  no  difficulties  in  construction.  The  dam 
site  is  at  the  lower  end  of  the  basin,  where  a  lava  flow  formerly  dammed  the  river.  Through 
this  it  has  broken  a  channel,  leaving  very  abrupt  bluffs  of  shattered  lava  on  each  side.  The 
site  is  especially  adapted  to  a  rock-fill  dam,  for  plenty  of  loose  rocks  of  all  sizes  lie  close  at 
hand  at  elevations  that  will  permit  them  by  means  of  a  cable  to  be  placed  in  the  dam  by 
gravity.  The  bed  of  the  stream  is  of  loose  rock,  but  solid  rock  on  both  sides  would  indicate 
that  rock  should  be  found  at  no  great  depth.  A  puddle  face  could  be  put  in  very  cheaply, 
as,  by  extending  an  irrigation  ditch  3  miles  along  the  ridge  that  forms  the  north  side  of  the 
reservoir,  water  could  be  brought  to  the  hill  at  the  north  end  of  the  dam  and  the  sandy  loam 
sluiced  into  the  dam.  The  outlet  tunnel,  which  would  be  under  the  dam,  could  probably 
be  more  cheaply  constructed  of  masonry.  The  wasteway  would  be  on  the  north  end,  where 
there  is  a  sloping  bench  of  lava.  A  broad  channel  could  be  excavated,  and,  with  a  guiding 
wall,  the  waste  could  \ie  dropped  into  the  canyon  500  feet  below  the  dam. 

The  basin  is  in  part  taken  up  as  farms.  About  one-fourth  is  willow  swamps,  one-fourth 
dry  hills,  and  the  balance  is  only  partly  in  cultivation. 
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Contour. 

Area. 

Ffft. 

Acres. 

5 

9.2 

10 

23.4 

15 

42.0 

20 

102.3 

25 

215.0 

30 

528.0 

35 

1,042.0 

40 

1,640.2 

45 

2,439.2 

50 

3,350.6 

55 

3,990.7 

00 

4,640.2 

65 

5,243.0 

70 

5,911.0 

75 

7,032.7 

80 

7,943.9 

85 

9,369.1 

90 

10,710.3 

05 

12,508.1 

100 

15,191.6 

105 

16,948.6 

110 

18,668.2 

t  Capacity 

Total 

of  section. 

capacity. 

Acre-feet, 

Acre-feet. 

20 

20 

81 

101 

163 

264 

361 

625 

793 

1,418 

1,858 

3,276 

3,925 

7,201 

6,755 

13,956 

10,199 

24,156 

14,474 

38,630 

18,353 

56,983 

21,577 

78,560 

24,708 

108,268 

27,885 

131,153 

32,359 

163,512 

37,441 

200,953 

43,295 

244,248 

50,198 

294,446 

58,271 

352,717 

69,474 

422, 191 

80,476 

502,667 

89,042 

591,708 

CONCLUSIONS. 

The  conclusions  are  that  if  but  700,000  acre-feet  are  needed,  it  can  be  obtained  cheapest 
by  the  use  of  four  sites,  namely,  Henry  Lake,  Flat  Rock,  Island  Park  (75-foot  dam),  and 
Fall  River  Meadows  (with  50-foot  dam),  these  giving  796,000  acre-feet;  and  that  if  the 
greatest  capacity  within  reasonable  limits  of  cost  is  desired  six  sites  should  be  used,  namely, 
Henry  Lake,  Flat  Rock,  Island  Park,  Fall  River  Meadows  (with  50-foot  dam),  Mountain 
Ash,  and  Teton  (with  100-foot  water  line),  which  give  a  total  capacity  of  1,320,000  acre-feet. 

FUTURE  OF  THE  PROJECT. 

Owing  to  the  fact  that  storage  facilities  will  have  to  be  provided  on  practically  every 
important  branch  of  North  Fork  of  Snake  River  in  order  to  furnish  an  adequate  supply  of 
water  for  the  reclamation  of  the  lands  under  this  project,  consideration  must  necessarily 
be  given  to  existing  water  rights.  The  conclusions  reached  are  based  upon  an  estimate  of 
150,000  acres  of  irrigable  lands  in  the  Snake  River  Valley  proper  tributary  to  the  North 
Fork.  An  irrigation  survey  made  by  the  State  engineer  of  Idaho  in  1904  shows  that  there 
are  220,000  acres  of  irrigable  land  in  this  vicinity.  Of  this  area  95,500  acres  are  now  irri- 
gated, and  practically  the  entire  flow  of  most  of  the  branches  of  this  stream  is  already 
diverted  during  the  later  part  of  the  irrigating  season.  In  order,  then,  to  insure  the  greatest 
benefits  to  this  community,  it  will  be  necessary  to  provide  storage  for  the  major  portion  of 
the  irrigable  lands  in  the  valley  proper  before  diverting  a  lai^ge  amount  of  water  to  another 
drainage. 

For  the  foregoing  reasons  the  reclamation  of  the  lands  imder  the  Dubois  project  does  not 
offer  a  tempting  field  for  the  use  of  private  capital.    The  present  irrigators  in  Snake 
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River  Valley  would  not  agree  to  have  a  reservoir^ystem  constructed  for  them  by  private 
capital.  Although  the  cost  per  acre-foot  of  developing  such  a  system  will  not  be  great,  yet 
the  aggregate  amount  of  capital  required  would  be  very  large.  This,  added  to  the  large 
amount  required  for  the  construction  of  a  canal  system  in  connection  with  the  reclamation 
of  the  Dubois  land,  would  swell  the  total  cost  per  acre  beyond  a  reasonable  amount  from  the 
standpoint  of  a  private  investor,  and  when  the  allowance  for  profits  is  added  to  this  amount 
the  cost  to  the  settler  would  undoubtedly  be  prohibitive. 

All  of  the  land  under  the  project  belongs  to  the  United  States,  except  secticHis  16  and  36, 
which  belong  to  the  State  of  Idaho.  TTiese  lands  are  vacant  and  there  seems  to  be  no 
inclination  on  the  part  of  the  public  to  risk  homestead  filings  at  the  present  time. 

GENERAIi  RECONNAISSANCE. 

General  reconnaissance  surveys  were  continued  during  1905,  an  examination  of  the 
headwaters  of  Salmon  River  being  made.  This  examination  completes  the  survey  ol 
the  arid  portion  of  Idaho  by  the  Reclamation  Service,  which  has  also  made  estimates  of 
the  irrigation  possibilities  in  each  drainage  system. 

The  results  of  examinations  made  on  Big  and  Little  Wood  rivers,  Big  and  Little  Lost 
rivers,  Birch,  Medicine  Lodge,  and  Camas  creeks  were  negative,  for  on  these  streams  either 
an  adequate  water  supply  is  not  available  or  suitable  dam  sites  do  not  exist.  Every  basin 
that  seemed  to  present  any  natural  advantages  for  storage  was  surveyed,  but  only  a  few 
of  them  were  worth  considering  at  all.  a 

BIRCH    CREEK   RESERVOIR. 

The  facilities  for  storage  on  Birch  Creek  are  typical  of  those  on  most  of  these  streams. 

Two  sites  were  surveyed  on  this  creek.  The  upper  one  is  in  Blaine  County  in  the  north- 
east part  of  T.  10  N.,  R.  29  E.,  which  has  not  been  subdivided.  At  this  dam  site  there 
are  solid  lava  abutments  on  both  sides  which  are  nearly  vertical.  The  length  of  the  dam 
on  the  bottom  would  be  500  feet  and  on  the  top  715  feet.  Here  the  creek  seems  to  be  flow- 
ing on  bed  rock.  Above  the  dam  site  the  slopes  of  the  basin  are  gravel  and  not  very  steep, 
varying  from  1  to  1  to  10  to  1.  There  are  a  great  many  springs  in  the  basin,  which  vaiy 
in  discharge  from  a  smdl  part  of  a  second-foot  to  5  second-feet.  The  small  streams  in  the 
upper  part  of  Birch  Creek  sink  and  seem  to  be  forced  to  the  surf aee  again  in  the  basin 
covered  by  the  reservoir  site.  At  the  dam  site  the  discharge  of  Birch  Creek  on  August 
26,  1904,  was  110  second-feet.  As  this  streiun  is  fed  mostly  by  springs  above  this  point 
the  flow  remains  almost  constant  during  the  entire  year.  Mr.  E.  Tyrell,  who  has  lived  at 
this  place  for  several  years  and  has  noted  the  condition  of  the  creek,  stales  that  it  rises 
for  only  a  few  days  during  the  spring  season  and  then  not  to  a  very  great  height  above  the 
normal  flow.  The  condition  of  the  banks  of  the  stream  seems  to  bear  out  Mr.  T^rell's 
statement.  The  capacity  of  the  reservoir  with  a  dam  80  feet  high  to  hold  75  feet  of  water 
would  be  18,166  acre-feet.    The  capacity  of  the  reservoir  is  shown  in  the  following  table: 

a  For  general  deocription  of  basins  surveyed  see  Third  Annual  Report,  Reclamation  Service,  pp.  264- 
2o5. 
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Cajneity  of  upper  Birch  Creek  reservoir. 


Contour. 

Area. 

Capacity 
of  section 

Total 
capacity. 

Feet, 

Acres. 

Acre-feet. 

A  cre-fect 

5 

2.7 

6.7 

7 

10 

9.1 

29.5 

36 

15 

19.1 

70.5 

107 

20 

33.0 

130.2 

237 

25 

50.2 

220.2 

457 

30 

85.2 

588.5 

796 

35 

126.0 

528.0 

1,324 

40 

202.0 

820.0 

2,144 

45 

291.0 

1,232.0 

2,376 

50 

356.0 

1,617.0 

4,993 

65 

405.0 

1,920.0 

6,885 

60 

480.0 

2,262.0 

•       9,017 

65 

559.0 

2,597.0 

11,704 

70 

642.0 

3,002.0 

14,706 

75 

742.0 

3,4C0.0 

18,166 

80 

838.0 

3,050.0 

22,116 

The  lower  reservoir  site  is  also  on  Birch  Creek,  in  Blaine  County,  in  the  southeastern 
part  of  T.  10  N.,  R.  25  £.,  and  is  unsurveyed.  The  dam  site  is  ahout  2\  miles  below  the 
dam  site  of  the  upper  reservoir.  There  are  solid  lava  abutments  on  both  sides,  the  length 
of  the  dam  on  the  bottom  being  350  feet,  and  on  the  top  700  feet.  The  creek  at  this  point 
seems  to  be  flowing  on  bed  rock.  Above  the  dam  site  the  slopes  of  the  basin  on  the  east 
side  are  steep,  with  broken  lava  cropping  out  of  the  gravel ;  on  the  west  side  the  banks 
have  a  slope  of  about  5  to  1.  There  are  some  springs  in  this  basin,  but  not  so  many  as  in 
the  upper  one. 

The  discharge  of  Birch  Creek  at  this  dam  site  on  August  27,  1904,  was  115  second-feet 
and,  as  at  the  upper  site,  the  flow  is  approximately  constant  throughout  the  year.  The 
capacity  of  the  reservoir  with  a  dam  80  feet  high,  75  feet  of  water,  would  be  17,571 
acre-feet. 

The  following  table  shows  the  capacity  of  this  reservoir: 

Capacity  of  lower  Birch  Creeic  reservoir. 


Contour. 

Area. 

Capacity 
of  section. 

Total 
capacity. 

Acre-feet. 

Feet. 

Acres. 

Acre- feet. 

5 

0.0 

0 

0 

10 

.8 

2 

2 

15 

5.9 

21 

23 

20 

15.7 

54 

77 

25 

63.0 

197 

274 

30 

96.0 

396 

670 

35 

161.0 

640 

1,310 

40 

212.0 

832 

2,142 

45 

262.0 

1,185 

3,327 

50 

315.0 

1,442 

4,760 

55 

389.0 

1,710 

6,429 

60 

470.0 

2,147 

8,676 

65 

642.0 

2,530 

11,206 

70 

632.0 

2,935 

14, 141 

75 

740.0 

3,430 

17,571 

" 

810.0 

3,875 

21,446 
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There  Ls  a  large  body  of  very  fertile  land  on  Reno  Flat,  about  25  miles  southeast  of  the 
reservoirs,  which  is  well  situated  for  irrigation,  and  to  which  the  waters  from  these  reser- 
voirs could  be  conducted.  Measurements  made  by  the  water  master  of  this  district  show 
that  nearly  one-third  of  the  water  in  Birch  Creek  sinks  between  the  lower  dam  site  and 
the  point  where  it  should  be  diverted  in  order  to  reach  the  lands.  In  order  to  prevent 
this  loss  it  would  be  necessary  to  construct  a  canal  throughout  the  entire  distance.  It  is 
estimated  that  the  loss  in  such  a  ciinal  would  not  be  very  great,  this  conclusion  being 
based  upon  measurements  made  in  August,  1904,  of  the  Reno  ditch,  which  is  diverted 
from  this  creek  and  runs  to  these  lands. 

Although  the  lands  on  which  it  would  be  desirable  to  conduct  this  water  would  be  very 
fertile  it  is  extremely  doubtful  whether  they  could  stand  the  cost  of  storage,  to  say  nothing 
of  the  cost  of  constructing  a  canal.  The  major  portion  of  the  normal  flow  of  this  stream 
has  been  allotted  by  the  court,  so  only  a  portion  of  the  run-off  would  be  available  for 
storage.  It  would  probably  be  necessary  to  provide  at  least  3  feet  of  water  in  depth  for 
ea<^>h  acre  of  land  to  be  reclaimed,  to  which  amount  should  be  added  the  probable  losses 
by  seepage  and  evaporation  from  the  reservoir  and  canal.  This  would  probably  amount 
to  at  least  2  feet  per  acre,  making  5  feet  per  acre  which  should  be  stored  in  the  reservoir. 

DIVERSION    OF    SNAKE    RIVER  INTO  THE    SALT    LAKE  BASIN. 

Considerable  speculation  has  been  indulged  in  during  the  past  two  years  in  relation  to 
the  possibilities  of  conducting  the  water  of  Snake  River  into  the  Be*r  River  drainage, 
to  be  used  in  the  upper  portion  of  Cache  Valley,  Utah.  With  a  view  to  determining  the 
feasibility  of  this  plan  Mr.  J.  B.  Bond,  assistant  engineer,  in  September,  1904,  examined  the 
country  between  Blackfoot  and  Port  Neuf  rivers,  this  being  the  lowest  place  in  the  divide 
between  the  two  drainage  systems. 

While  Port  Neuf  River  is  a  tributary  of  the  Snake  there  would  be  no  diflBculty  whatever 
in  continuing  a  canal  line  from  its  valley  into  either  Cache  Valley  or  Bear  River  Valley. 
In  fact,  this  is  the  only  route  which  it  would  be  practicable  to  follow,  even  if  the  plan  referred 
to  were  entirely  feasible  in  other  respects. 

A  casual  examination  of  the  country  between  Blackfoot  River  and  Snake  River  indicates 
the  impracticability  of  diverting  water  from  the  latter  stream  and  carrying  it  as  far  as  the 
divide  referred  to,  so  the  plan  narrows  itself  to  the  diversion  of  water  from  one  tributary 
of  Snake  River,  namely,  the  Blackfoot. 

The  point  of  diversion  from  Blackfoot  River  would  have  to  be  below  the  proposed  Black- 
foot River  reservoir  site,  otherwise  the  supply  of  water  available  for  use  under  the  plan 
proposed  would  not  be  worth  considering.  This  reservoir  is  about  40  miles  southeast  of 
the  town  of  Blackfoot,  the  dam  site  being  in  sec.  12,  T.  5  S.,  R.  40  E.,  B.  M.  Two  routes 
for  a  canal  between  the  divide  referred  to  and  points  on  the  river  below  this  dam  site 
were  investigated. 

Line  No.  1  would  divert  from  the  river  about  17  miles  below  the  reservoir  site  and  about 
2  miles  from  the  point  on  the  divide  between  Blackfoot  and  Port  Neuf- rivers,  known  as 
Dead  Man's  Pass.  A  diverting  dam  would  be  required  in  the  Blackfoot  River  70  feet  high. 
This  dam  would  be  275  feet  long  on  the  bottom  and  350  feet  on  top,  the  site  being  in  solid 
lava,  with  walls  rising  about  90  feet  above  the  river.  The  estimated  cost  was  based  upon 
the  construction  of  a  rock-fill  dam  with  gravel  back  filling.  The  gravel  could  be  obtained 
from  a  hill  about  700  feet  from  the  dam  and  could  be  sluiced  into  place  very  cheaply  ¥rith 
water  taken  out  of  Grave  Creek  about  1 J  miles  from  the  dam. 

Line  No.  2  would  divert  from  the  river  at  a  point  about  9.3  miles  above  the  pass.  A 
diverting  dam  150  feet  in  length  and  15  feet  in  height  would  be  required.  The  first  3.3 
miles  would  be  along  the  side  of  a  rocky  canyon  and  would  have  to  be  flumed;  the  remain- 
ing 6  miles  would  be  in  earth  and  gravel. 

No  examination  was  made  of  the  land  which  this  water  would  serve,  but  it  is  estimated 
that  from  25,000  to  30,000  acres  on  Port  Neuf  River  could  be  thus  reclaimed.    There  is 
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only  one  other  plan  by  which  these  lands  can  ever  be  reclaimed,  and  even  by  this  only  a 
part  of  the  area  can  be  reached;  that  is,  by  the  construction  of  a  canal  to  divert  water 
from  Bear  River  at  a  point  near  Soda  Springs.  But  the  natural  flow  of  Bear  River  is 
already  utilized  in  the  reclamation  of  lands  in  the  Cache  Valley.  It  would  therefore  appear 
to  be  more  economical  to  utilize  the  waters  of  Blackfoot  River  on  the  higher  lands  in  the 
Port  Neuf  River  Valley,  provided  the  plan  for  the  diversion  of  water  from  this  source 
should  ultimately  be  found  to  be  feasible,  and  use  the  water  furnished  by  Bear  River  for 
the  reclamation  of  lower  lands,  as  in  Cache  Valley. 

The  investigations  referred  to  were  not  carried  on  in  sufficient  detail  to  determine  the 
feasibility  of  the  smaller  scheme  under  consideration,  but  enough  was  learned  to  justify 
the  statement  that  the  much-talked-of  plan  to  divert  the  waters  of  Snake  River  into  Salt 
Lake  Valley  is  impracticable  from  every  standpoint. 

CEDED  LANDS  OF  THE  FORT  HALL  INDIAN  RESERVATION. 

Closely  related  to  any  plan  for  the  utilization  of  the  waters  of  the  Blackfoot  River  is 
the  reclamation  of  the  irrigable  lands  of  the  Fort  Hall  Indian  Reservation.  Blackfoot 
River  can  be  utilized  to  better  advantage  in  the  reclamation  of  these  lands  than  of  any 
other.  An  excellent  reservoir  site  furnishes  facilities  for  controlling  the  flow  of  the  stream, 
the  water  supply  being  just  about  sufficient  to  supplement  the  flood  discharge  of  Snake 
River,  which  will  always  be  available  for  early  irrigation.  The  lands  of  the  reservation 
lie  directly  adjacent  to  Blackfoot  River,  and  only  a  short  distanc^e  from  the  reservoir' 
site,  while  they  are  situated  more  than  200  miles  below  the  storage  reservoirs  which  will 
be  constructed  at  the  head  of  the  South  Pork  of  the  Snake  River.  For  these  reasons 
alone  it  would  seem  that  the  policy  of  the  Government  in  reserving  certain  public  lands 
on  the  Blackfoot  River  for  reservoir  purposes  is  a  wise  one,  especially  when  it  is  consid- 
ered that  the  probable  users  of  the  water  which  may  some  day  be  stored  at  that  point 
are  wards  of  the  nation. 

Efforts  having  been  made  from  time  to  time  by  citizens  of  Pocatello  and  vicinity  to 
have  the  lands  embraced  in  this  reservoir  site  restored  to  public  entry  or  to  have  the  site 
turned  over  to  private  parties  to  be  developed  for  the  purpose  of  irrigating  lands  in  the 
vicinity  of  PocateUo,  an  investigation  was  made  by  the  Reclamation  Service  with  a  view 
to  ascertaining  the  feasibility  of  reclaiming  a  portion  at  least  of  the  ceded  lands  of  the 
reservation  by  extending  the  irrigation  system  that  has  already  been  constructed  by  the 
United  States  for  the  reclamation  of  Indian  lands.  This  investigation  was  made  in  Sep- 
tember, 1904,  by  Mr.  J.  B.  Bond,  assistant  engineer,  a  survey  having  been  made  of  an 
extension  of  the  reservation  canal  from  Ross  Fork  Creek  through  the  ceded  lands  near 
Pocatello. 

These  lands  are  situated  in  the  southern  part  of  T.  5  S.,  R.  34  E.,  and  T.  6  S.,  R.  34  E., 
and  lie  in  a  very  compact  body.  The  total  area  that  can  be  irrigated  is  12,400  acras; 
of  this  about  1,000  acres  lying  along  the  Port  Neuf  River  are  rough  and  rocky  and  can 
not  be  cultivated.  The  remainder  of  the  land  is  a  sandy  loam,  and  if  it  were  watered 
would  be  susceptible  of  a  very  high  state  of  cultivation.  The  land  is  rolling,  but  not  too 
rough  for  irrigation.  A  strip  of  low  ground  runs  the  entire  length  of  the  tract  near  the 
eastern  edge  and  between  the  main  body  of  land  and  the  canal  as  it  would  be  extended 
from  Ross  Fork  Creek.  This  low  strip  of  ground  gives  rise  to  the  same  problem  that  Ls 
encountered  in  irrigating  the  major  portion  of  these  lands  by  means  of  the  extension  of 
the  reservation  canal — a  problem  that  would  present  itself  in  the  consideration  of  any 
other  plan  of  irrigation,  no  matter  how  high  up  on  the  Blackfoot  River  the  point  of  diver- 
sion might  be  located,  or  from  what  direction  the  lands  might  be  approached  with  a  canal. 
To  get  across  this  low  ground  either  a  siphon  or  a  long  heavy  fill  would  have  to  be  used 
in  any  case. 

The  end  of  the  reservation  canal  is  at  Ross  Fork  Creek  in  the  NW.  J  sec.  6,  T.  5  S.,  R. 
35  E.     The  line  of  the  proposed  extension  began  at  this  point  and  was  run  out  on  a  grade 
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of  1  foot  to  5,000  feet  in  a  southeastern  direction.  This  line  skirted  the  foothills  along 
the  east  edge  of  Snake  River  Valley  and  tenninated  at  Pocatello.  The  construction  of 
this  main  canal  would  not  l)o  difficult.  The  ground  slopes  gently  toward  the  west.  Neither 
rock  nor  sand  was  encountered  at  any  i>oint  along  the  line.  The  lateral  slope  is  veiy 
light;  hence  an  economical  canal  section  with  a  minimum  amount  of  fill  could  be  used. 

At  a  point  on  this  line  about  9  miles  below  the  lower  end  of  the  present  reservation 
canal  a  small  ridge  connects  the  high  ground  to  be  irrigated  with  the  foothills  on  the  east. 
Here  either  an  inverted  siphon  would  have  to  be  built  or  a  long  heavy  fill  constructed 
to  convey  the  water  across  to  the  lands  to  be  irrigated.  The  distance  across  is  3,200  feet, 
allowing  a  vertical  drop  of  17  feet.  If  a  fill  were  constructed,  a  short  siphon  would  have 
to  be  put  in  to  carry  the  water  under  the  Oregon  Short  Line  Railroad,  which  crosses  the 
divide  at  this  point.  With  a  fill  or  siphon  there  would  still  be  2,000  acres  too  hi^  to  be 
covered  except  by  pumping.  Electric  power  for  pumping  should  not  be  very  expensive. 
The  American  Falls  Power  and  Light  Company  now  has  a  transmission  line  running  across- 
the  track.  As  the  power  for  pumping  could  be  used  only  during  the  irrigating  season, 
when  the  load  would  be  the  lightest,  and  as  this  company  now  generates  more  power  than 
it  can  dispose  of,  favorable. terms  could  probably  be  made. 

A  line  was  run  from  the  lowest  point  on  the  divide  across  which  the  proposed  siphon  or  fill 

would  have  to  be  constructed  to  ascertain  the  area  that  could  be  covered  by  dropping 

the  water  from  the  main  canal  at  this  point.    This  line  would  cover  a  strip  of  land  along 

the  Port  Neuf  River,  varying  in  width  from  one-half  to  1  mile  and  embracing  2,500  acres 

'  of  tillable  land. 

Four  plans  for  reclaiming  the  land  with  the  cost  per  acre  in  each  case  are  given  below. 
Under  each  plan  the  capacity  at  the  rate  of  1  cubic  foot  of  water  per  second  was  pro- 
vided in  the  canals  for  the  irrigation  of  each  60  acres  of  land. 

Plan  No.  1  provides  for  reclaiming  the  entire  area  of  11,400  acres.  This  would  require 
a  canal  9  miles  long,  with  a  capacity  of  190  second-feet,  from  Ross  Fork  Creek  to  a  point 
where  water  is  taken  across  the  lowland  in  a  siphon;  a  lateral  3|  miles  long,  with  a 
capacity  of  35  second-feet,  from  end  of  main  canal  to  PocateUo;  a  siphon  3,200  feet  long, 
with  a  capacity  of  155  second-feet,  and  canals  to  carry  water  from  the  end  of  the  siphon 
to  the  land  to  be  irrigated.  For  pumping  a  50-horsepower  motor  and  pumps  with  a 
capacity  of  35  second-feet  would  be  required. 

Plan  No.  2  would  reclaim  the  same  area  as  plan  No.  1 ,  but  instead  of  a  siphon  an  earth 
fill  would  be  required  with  a  siphon,  50  feet  long,  under  the  Oregon  Short  Line  Railroad 
track,  which  crosses  the  divide  at  this  point. 

In  plan  No.  3  the  area  to  be  covered  by  pumping  is  left  out,  leaving  an  area  of  9,400 
acres.  An  earth  fill  would  be  constructed  instead  of  siphon,  50  feet  of  siphon  being  used 
under  the  railroad  track.     The  volume  of  water  required  in  main  canal  is  157  second-feet. 

In  plan  No.  4  the  area  covered  by  both  pumping  and  siphon  or  fill  are  left  out.  It 
would  then  be  necessary  to  build  a  main  canal  with  a  capacity  of  75  second-feet.  At 
the  point  where  the  proposed  siphon  or  fill  was  to  have  been  constructed  the  water  is 
dropped  from  the  main  canal  to  the  lowest  part  of  the  divide  and  then  carried  by  a 
gravity  canal  around  nearly  to  Port  Neuf  River. 

Under  this  system  a  narrow  strip  along  Port  Neuf  River,  a  narrow  strip  between  the 
main  canal  and  the  Oregon  Short  Line  Railroad  track,  and  a  small  body  of  land  adjoin- 
ing Pocatello  on  the  north  would  be  reclaimed.     The  total  area  would  be  4,400  acres. 

At  the  time  the  survey  was  made  the  reservation  canal  was  running  at  about  one-half 
of  its  maximum  capacity.  No  gaging  was  made,  but  it  was  estimated  that  50  second-feet 
were  flowing  at  the  time.  This  would  give  the  canal  a  capacity  of  100  second-feet.  Most 
of  this  water  is  now  used  by  the  Indians  along  Ross  Fork  Creek.  To  furnish  water  for 
the  ceded  lands  the  reservation  canal  would  have  to  be  enlarged  so  as  to  carry  about  300 
second-feet. 

Water  for  this  tract  would  probably  have  to  be  supplied  by  storage  during  the  later 
part  of  the  irrigating  season.    This  could  be  provided  very  cheaply  at  Blackfoot  Marsh, 
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on  the  Blackfoot  River.  A  30-foot  dam  at  that  point  would  give  a  capacity  of  195,000 
acre-feet.  The  total  cost,  including  right  of  way,  should  not  amount  to  more  than  50  cents 
per  acre-foot.  The  water  could  be  allowed  to  run  down  Blackfoot  River  to  be  diverted 
directly  by  the  reservation  canal. 

RECONNAISSANCE    OP    THE    UPPER    SALMON    RIVER    DRAINAGE 

BASIN. 

CHARACTER. 

Upper  Salmon  River  \a  a  typical  mountain  stream.  It  has  its  source  in  the  high  moun- 
tains of  north-central  Idaho  and  flows  northward  through  the  central  part  of  Custer  and 
Lemhi  counties  for  a  distance  of  110  miles.  It  then  turns  abruptly  to  the  west  and  enters 
a  very  rough  and  nearly  impassable  country.  Examination  was  made  of  the  portion  of 
the  basin  that  lies  between  the  point  where  the  river  enters  the  extremely  rough  country 
and  the  head  of  the  stream.  The  point  where  the  river  enters  the  rough  country  is  9 
miles  north  of  Salmon  City,  the  county  seat  of  Lemhi  County.  The  bed  of  the  river  is 
very  rough.  From  the  mouth  of  the  East  Fork  to  Salmon  City,  a  distance  of  75  miles, 
the  stream  has  a  fall  of  17  feet  to  the  mile.  On  the  west  side  of  the  river  the  mountains 
are  steep  and  rugged,  and  rise  to  an  elevation  of  from  10,000  to  11,000  feet  above  sea  level. 
Above  7,500  feet  there  is  a  heavy  growth  of  small  pine  and  fir  timber.  Below  this  elevation 
there  is  very  little  timber  or  underbrush.  The  streams  flowing  from  the  mountains  are  short 
and  steep.  While  the  spring  rises  are  very  sudden  and  the  run-off  very  great,  the  dense 
timber  and  deep  canyons  hold  back  enough  of  the  snow  to  furnish  a  good  water  supply 
during  the  entire  summer. 

On  the  east  side  of  the  river  the  mountains  are  less  steep,  but  rise  to  about  the  same  height 
as  those  on  the  west.  There  is  little  timber  or  underbrush  to  retard  the  run-off,  and  the 
spring  floods  are  sudden  and  of  short  duration. 

From  the  head  of  Salmon  River  to  Challis,  the  county  seat  of  Custer  County,  there  is  no 
tillable  land,  save  small  tracts  of  alluvial  soil  at  the  mouths  of  the  creeks.  These  tracts 
contain  from  40  to  200  acres  each  and  for  the  most  part  are  under  cultivation,  water  from 
the  creeks  being  obtained  without  much  diflBculty.  Six  miles  above  Challis  the  river 
emerges  from  a  canyon  and  flows  through  a  tillable  tract  of  land  containing  several  thousand 
acres.  This  tract  is  known  as  Big  Round  Valley.  Eight  miles  below  Challis  the  river 
again  enters  a  canyon,  through  which  it  flows  for  over  40  miles.  Nine  miles  above  Salmon 
City  the  canyon  walls  again  break  away  from  the  river  and  the  stream  flows  for  18  miles 
through  a  narrow  valley  to  the  mouth  of  the  Lemhi  River.  In  the  canyon  between  Challis 
and  Salmon  City  small  alluvial  tracts  are  found  at  the  mouths  of  the  creeks.  These, 
too,  have  been  settled  upon  and  are  being  cultivated.  Not  taking  into  account  these 
small  tracts,  the  tillable  land  in  Upper  Salmon  River  drainage  basin  lies  in  three  bodies, 
namely,  Big  Round  Valley,  Pahsimeroi  Valley,  and  Lemhi  Valley 

BIQ   ROUND    VALLEY. 

On  the  east  Big  Round  Valley  merges  into  Antelope  Valley.  Between  them  there  is  only 
a  low  ridge,  through  which  Antelope  Creek  has  cut  a  channel,  and  the  two  valleys  are  con- 
sidered as  one  tract.  This  land  comprises  a  part  of  T.  13  and  14  N.,  R.  19  and  20  E.,  also 
some  unsurveyed  land  lying  farther  east  and  south.  The  area  of  the  tillable  land  is  about 
35,000  acres.  In  elevation  it  ranges  from  4,750  feet  on  Salmon  River  to  6,300  feet  at  the 
upper  end  of  Antelope  Valley.  The  soil  is  porous  and  gravelly.  Alfalfa  and  timothy  hay 
do  well  here.  Hardier  vegetables  and  fruit  thrive  and  yield  bountifully.  The  slope  of 
the  land  toward  the  drainage  channels  varies  from  1  to  500  to  1  to  20.  This  steep  slope, 
together  with  the  porous  soil,  accounts  for  the  large  quantity  of  water  required  for  irrigating 
the  lands.  The  duty  of  water  here  seems  to  be  about  25  acres  to  the  second-foot.  Four 
thousand  acres  of  the  cultivated  land  lie  on  the  west  side  of  the  river.  The  water  for  this 
land  is  obtained  from  Garden  Creek   Challis  Creek,  and  Salmon  River. 
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Four  thousand  acres  of  tillable  land  on  this  side  of  the  river  is  still  without  water,  Challis 
and  Garden  creeks  not  being  capable  of  furnishing  an  adequate  supply.  This  is  bench  land 
lying  at  an  elevation  of  about  200  feet  above  the  river.  The  supply  in  the  river  is  abun- 
dant, but  to  bring  water  onto  this  land  by  gravity  would  require  a  canal  15  miles  in  length. 
The  first  7  miles  would  be  along  canyon  walls,  where  it  would  be  necessary  to  construct 
a  flume  and  blast  a  bed  for  the  flume  out  of  solid  rock.  This  expense  would  amount  to 
more  than  the  value  of  the  land  after  its  reclamation. 

During  the  winter  months  and  the  flood  season  enough  water  runs  to  waste  in  Challis 
and  Garden  creeks  to  reclaim  this  tract.  It  has  been  represented  that  good  storage  reser- 
voirs could  be  constructed  on  both  Challis  and  Garden  creeks.  A  careful  examination  was 
made  of  both  of  these  creeks  and  nothing  was  found  that  was  feasible,  the  slope  of  the 
country  being  great  and  the  basins  too  narrow.  A  survey  was  made  of  the  most  promising 
reservoir  site.  This  i^  at  Eddy  Basin,  on  Challis  Creek,  on  unsurveyed  land.  There  is 
a  good  dam  site  here,  solid  rock  abutments  rising  to  a  height  of  135  feet  on  each  side  of  the 
creek.  A  dam  100  feet  in  height  would  be  310  feet  long  on  the  bottom  and  363  feet  on 
top.  But  a  dam  of  this  height  would  impound  only  4,000  acre-feet.  If  it  were  constructed 
to  the  height  of  the  abutments,  135  feet,  the  capacity  would  only  be  9,500  acre-feet.  Mate- 
rials used  in  construction,  except  the  stone  and  sand,  would  have  to  be  hauled  in  wagons  for 
a  distance  of  60  miles. 

On  the  east  side  of  the  river  3,500  acres  of  tillable  land  lie  from  50  to  175  feet  above  the 
river.  A  gravity  canal  from  the  river  to  irrigate  this  land  would  encounter  the  same 
obstacles  that  are  met  on  the  west  side.  It  would  be  necessary  to  blast  out  a  bed  and  flume 
the  water  around  rock  walls  for  7  miles,  the  cost  of  which  would  be  prohibitive. 

Water  could  be  pumped  from  Salmon  River  to  the  tracts  on  each  side  of  the  stream. 
Just  above  the  Eddy  Basin  dam  site,  on  Challis  Creek,  about  8  miles  northwest  of  Challis, 
is  a  very  good  location  for  a  power  house.  With  a  ditch  constructed  in  earth  1  mile  in 
length  and  500  feet  of  fluming  or  wood-stave  pipe  around  a  shale  hillside  a  head  of  200 
feet  could  be  obtained.  Six  miles  above  Challis,  where  the  river  flows  from  the  canyon, 
the  pumping  plants  could  be  installed.  On  the  east  side  of  the  river  the  lift  would  be 
about  175  feet;  on  the  west,  200  feet.    The  transmission  line  would  be  14  miles  long. 

On  Jtine  18  the  discharge  of  Challis  Creek  at  the  site  for  the  power  house  was  80  second- 
feet,  but  it  was  stated  locally  that  the  minimum  discharge  was  a  little  less  than  half  this 
amount — probably  about  30  second-feet — all  of  which  would  be  available,  as  this  is  2 
miles  above  the  p>oint  where  it  would  be  diverted  for  irrigation. 

Where  Antelope  Creek  has  cut  through  the  ridge  that  divides  Antelope  Valley  from  Big 
Round  Valley  there  is  a  narrow  canyon  one-half  mile  in  length.  Above  this  canyon  is  a 
basin  2  miles  long  and  one-half  mile  wide.  This  was  represented  to  be  a  good  reservoir 
site,  but  upon  examination  it  was  found  to  be  too  steep.  A  dam  here  could  be  constructed 
to  a  height  of  135  feet.  The  length  on  top  would  be  265  feet;  on  the  bottom,  80  feet. 
There  are  .solid  rock  walls  on  each  side.  A  dam  of  this  height  would  hold  only  13,000 
acre-feet.  The  capacity  of  this  reservoir  would  decrease  very  fast  with  decrease  in  the 
height  of  the  dam.  Even  if  the  price  of  constructing  the  reservoir  were  not  too  great, 
the  available  water  supply  is  not  sufficient  for  the  purpose  required.  Antelope  Creek  is 
fed  by  springs  that  rise  about  3  miles  above  the  dam  site.  Mr.  Van  Camp,  who  has  lived 
in  this  section  for  twenty  years,  states  that  the  discharge  of  the  creek  is  practically  constant 
during  the  entire  year,  and  the  condition  of  the  banks  seems  to  bear  out  his  statement. 
On  July  8  the  discharge  of  Antelope  Creek  was  2.8  second-feet.  During  four  months  of  the 
year  this  water  is  used  for  irrigation. 

Representations  having  been  made  that  it  would  probably  be  feasible  to  bring  water  from 
East  Fork  of  Salmon  River  through  Stage  Station  Pass — a  pass  between  Antelope  Valley 
and  East  Fork — into  Antelope  Valley,  to  reclaim  the  lands  of  Antelope  and  Big  Round 
valleys,  an  investigation  was  made  of  the  country,  but  the  scheme  was  found  to  be  impracti- 
cable. Stage  Station  Pass  is  6,500  feet  above  sea  level.  It  is  too  long  to  tunnel  through, 
while  a  canal  from  East  Fork  through  this  pass  would  bt  35  miles  in  length;  20  miles  of  this 
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-would  be  along  steep  rock  hillsides,  much  of  it  being  perpendicular  bluffs.  Three  deep 
canyons  would  also  bo  crossed,  where  inverted  siphons  a  mile  in  length  would  be  required. 
After  the  pass  is  reached  the  distributing  system  would  be  very  expensive.  The  total  area 
reclaimed  would  be  only  25,000  acres. 

PAH8IMEROI   RIVER. 

The  largest  tract  of  tillable  land  in  the  Salmon  River  drainage  basin  lies  along  Pahsimeroi 
River.  Pahsimeroi  River  forms  the  boundary  between  Custer  and  Lemhi  counties.  It 
flows  northwestward,  entering  Salmon  River  20  miles  north  of  Challis.  The  valley  is  50 
miles  in  length  and  will  average  about  5  miles  in  width.  The  bottom  lands  along  the  river 
have  an  area  of  about  30,000  acres  and  are  for  the  most  part  under  cultivation.  Along  each 
side  of  the  river,  next  to  the  foothills,  are  benches  formed  by  alluvial  fans  that  spread  out 
from  the  mouths  of  the  canyons.  The  slope  of  this  bench  land  toward  the  river  is  about  250 
feet  to  the  mile,  and  toward  the  lower  end  of  the  valley  about  40  feet  to  the  mile.  •  There  are 
a  few  ranches  on  this  bench  land  near  the  mouths  of  the  canyons,  but  the  greater  part  of  it  is 
unreclaimed.  The  area  of  the  arid  land  in  the  valley  is  about  100,000  acres.  Within  a  few 
miles  of  its  head  the  river  begins  to  sink  into  the  gravel,  which  is  of  great  depth  and  very 
clean  and  uniform.  The  wells  in  the  valley  have  encountered  the  same  sort  of  material  as 
far  down  as  they  have  been  dug.  For  about  a  month  during  the  extreme  high  stages  of 
water  the  river  flows  as  an  unbroken  stream  from  its  head  to  its  mouth.  During  the  remain- 
der of  the  year  the  bed  is  dry  for  a  distance  of  20  miles.  Half  way  between  the  head  and  the 
mouth  springs  begin  to  appear  in  the  bed  of  the  river,  and  from  this  point  to  its  mouth  the 
amount  of  water  increases  very  fast.  Snow-fed  streams,  many  of  them  of  considerable  size, 
are  found  in  every  canyon  leading  toward  the  river.  The  water  in  these  ca.nyons,  without 
exception,  begins  to  sink  as  soon  as  it  reaches  the  alluvial  fans  referred  to.  During  high 
water  many  of  these  streams  reach  the  river,  but  as  the  flood  season  passes  the  water  gradu- 
ally disappears  in  the  sand,  and  the  bed  from  the  mouth  of  the  canyon  to  the  river  is  left  dry. 

The  canyons  on  each  side  of  the  valley  were  examined,  for  reservoir  sites  but  nothing 
feasible  was  found.  A  site  at  the  upper  end  of  the  valley  in  Goldburg  basin  was  surveyed. 
This  covers  a  part  of  sees.  33,  34,  and  35,  T.  13  N.,  R.  23  E.  At  the  dam  site  there  is  an 
impervious  layer  of  soil  or  stone  a  short  distance  beneath  the  surfact>.  The  length  of  a  dam 
60  feet  in  height  would  be  1,000  feet  on  top  and  980  feet  on  the  bottom,  with  wings  15  feet 
in  height  and  1,400  feet  long.  One-half  mile  north  of  the  north  abutment  of  the  dam  is  a 
gravel  hill  which  seems  to  be  excellent  material  of  which  to  construct  an  earth  dam.  Flow- 
ing just  above  this  hill  is  a  ditch  carrying  10  second-feet  of  water.  This  ditch  is  at  such  an 
elevation  that  a  head  of  100  feet  could  be  obtained,  and  the  gravel  could  ba  sluiced  into 
place  very  cheaply.  But  even  with  this  advantage  the  reservoir  would  prove  too  costly  for 
the  land.  A  dam  60  feet  high  would  form  a  reservoir  having  a  capacity  of  about  16,000 
acre-feet.    Four  hundred  acres  of  patented  land  would  be  flooded. 

The  amount  of  water  used  per  acre  in  this  valley  is  very  great.  It  is  true  that  in  many 
instances  it  is  applied  wastefuUy  to  the  soil,  but  the  soil  is  so  porous  that  more  water  is 
needed  here  than  in  the  average  irrigated  country.  On  the  Curtis  rartch,  near  the  head  of 
the  valley,  12  second-feet  were  being  used  constantly  on  200  acres  of  grain  and  alfalfa.  The 
crops  do  not  seem  to  be  overwatered  and  the  owner  stated  that  he  could  not  possibly  raise  a 
full  crop  with  less.  The  ranchers  in  the  vicinity  gave  the  amount  of  land  that  could  be 
irrigated  by  one  second-foot  as  being  from  15  to  30  acres. 

There  is  considerable  water  in  the  river  at  the  lower  end  of  the  valley  but  the  benches 
stand  so  high  that  a  gravity  canal  from  the  river  can  not  reach  them,  and  the  topography  of 
the  country  is  such  that  pumping  would  not  be  feasible.  The  water  rights  in  this  valley 
have  not  been  adjudicated.  The  early  settlers  took  the  choicest  pieces  of  land,  and  in 
getting  water  on  to  it  the  ditches  were  not  constructed  on  any  uniform  grade.  In  most 
places  a  few  furrows  were  plowed  from  the  mouths  of  the  canyons  to  the  land.  These  ditches 
are  so  steep  and  shallow  that  much  of  the  water  is  lost.  Instead  of  several  of  the  ranchers 
taking  out  a  ditch  togethi  r,  the  most  of  them  have  constructed  separate  ditches,  which 
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causes  another  loss.  If  the  ranchers  would  unite,  take  the  water  out  in  one  ditch  built  ^on  a 
uniform  grade,  each  one  taking  only  the  amount  of  water  he  could  use  beneficially,  new 
homes  could  be  created  with  water  from  nearly  every  creek  in  the  valley.  There  are  no 
engineering  obstacles  to  be  overcome,  but  the  tracts  which  would  be  reclaimed  would  be 
scattering  and  small,  and  these  small  and  scattering  tracts  could  not  be  included  in  one 
project.  There  are  no  storage  possibilities  in  this  country,  and  the  area  that  can  be  re- 
claimed is  too  small  to  justify  Federal  aid. 

LEMHI   RIVER. 

Lemhi  River  rises  in  the  southwestern  part  of  Lemhi  County  and  flows  for  80  miles  in  a 
northeastern  direction,  emptying  into  Salmon  River  at  Salmon  City.  In  the  upper  end  of 
the  valley  there  is  a  large  basin,  lying  about  6,000  feet  above  sea  level,  in  which  there  are 
perhaps  50,000  acres  of  tillable  land.  About  10,000  acres  of  this  are  now  being  cultivated, 
leaving  40,000  acres  yet  to  be  reclaimed.  The  conditions  hpre  are  much  the  same  as  on  the 
Pahsimeroi. 

There  are  no  sites  for  storage  reservoirs.  Several  basins  were  found  on  creeks  near  the 
head  of  the  valley,  but  they  were  too  steep  to  be  utilized  for  reservoirs.  At  the  normal  flow 
all  of  the  water  is  now  being  used.  The  soil  here,  as  on  the  Pahsinteroi,  is  very  porous  and  a 
large  amount  of  water  is  required  per  acre.  About  30  miles  below  the  head  the  foothills 
come  in  doss  to  the  river  and  the  valley  is  only  about  three-fourths  of  a  mile  in  width. 
From  this  point  to  the  mouth  the  water  keeps  increasing,  being  fed  by  springs  and  small 
streams.  All  of  the  tillable  land  on  both  sides  of  the  river  is  being  cultivated,  as  is  the  till- 
able land  at  the  mouth  of  the  Lemhi,  in  Salmon  City  Valley,  receiving  a  bountiful  supply  of 
water  from  Salmon  and  Lemhi  rivers. 

Upper  Salmon  River  drainage  basin  is  at  present  remote  from  any  railroad  and  can  be 
reached  only  by  a  long  and  tedious  stage  journey.  Markets  are  few  and  far  between.  There 
are  many  promising  mining  properties  in  this  section,  but  the  lack  of  transportation  has 
retarded  their  development.  The  principal  industry  is  stock  raising.  Hay  for  the  stock  is 
the  principal  crop  raised  on  the  ranches.  The  high,  open  hills  afford  excellent  pasture 
during  the  summer  months,  but  the  range  is  stocked  to  its  full  capacity.  There  is  hay 
enough  being  raised  to  feed  all  the  stock  during  the  winter  months,  but  there  is  a  demand 
for  very  little  more.  Cultivated  land  sells  from  $20  to  $30  per  acre.  On  this  land  two  crops 
of  alfalfa  of  about  2  tons  each  can  be  cut  during  the  season.  The  soil  is  rich,  and  vegetables 
and  the  hardier  fruits  thrive,  but  as  there  is  no  market  for  these  the  production  is  not  very 
great.  If  a  railroad  ever  enters  this  country  and  the  mines  develop  there  will  be  a  home 
market  for  all  of  the  produce  that  can  be  raised.  The  value  of  land  will  increase  and  proj- 
ects that  are  not  feasible  at  the  present  time  might  then  be  worthy  of  investigation.  But 
even  then  it  is  thought  the  only  body  of  sufficient  size  that  would  pay  to  reclaim  would  be 
the  tract  in  Big  Round  Valley,  which  could  be  irrigated  by  pumping. 

STREAM  GAGIXG. 

During  the  season  of  1905  fourteen  gaging  stations  have  been  maintained.  On  May  31 
the  Gimlet  station,  on  Big  Wood  River,  and  the  Carey  station,  on  Little  Wood  River, 
were  discontinued.  A  new  station  was  established  on  Big  Wood  River  near  Shoshone, 
Idaho,  on  June  5,  1905. 

The  records  from  the  twelve  remaining  stations  furnish  data  from  which  the  daily  dis- 
charge of  every  important  stream  in  southern  Idaho  can  be  obtained.  Tliese  stations 
are  so  located  that  in  practically  every  case  the  stream-bed  cross  section  remains  perma- 
nent. In  a  comparatively  short  time  rating  tables  for  these  stations  can  be  constructed 
that  will  apply  for  years  to  come,  at  which  time  the  cost  of  stream  gaging  in  Idaho  will 
have  been  reduced  to  a  minimum. 

In  addition  to  gagings  at  regular  stations  many  miscellaneous  measurements  have  been 
made.    In  August  a  study  was  made  of  the  low-water  conditions  on  Snake  River  between 
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Blackfoot  and  Twin  Falls.     In  October  a  series  of  measurements  was  made  on  Boise  River 
to  determine  the  conditions  of  flow  between  Boise  and  Caldwell,  Idaho. 

TTiis  work  has  been  carried  on  by  E.  C.  La  Rue,  engineering  aid,  in  charge  of  stream 
gaging  in  Idaho. 

COOPERATION  OF  THE  STATE. 

The  most  cordial  cooperation  and  support  has  been  given  to  the  Reclamation  Service 
by  the  State  administration,  the  governor  and  the  State  engineer  having  acted  as  mem- 
bers of  a  project  board  in  the  consideration  of  plans  relating  to  both  the  Payette-Boise 
and  Minidoka  projects.  The  State  land  board  has  cooperated  with  the  Reclamation 
Service  in  matters  relating  to  the  laying  out  and  opening  of  town  sites  under  the  Minidoka 
project,  having  decided  to  have  a  section  of  land  belonging  to  the  State  which  lies  adjacent 
to  one  of  the  tracts  reserved  for  town-site  purposes  by  the  United  States  subdivided  for 
the  same  purpose. 

At  the  eighth  session  of  the  State  legislature  a  law  was  enacted  which  provides  that 
State  lands  situated  under  irrigation  works  to  be  constructed  by  the  United  States  shall, 
upon  notice  being  given  to  the  governor  of  the  State  that  the  construction  of  works  has 
been  authorized  by  the  United  States,  be  sold  subject  to  the  restrictions  of  the  reclamation 
act  as  regards  area  of  farm  units,  and  that  no  sale  of  such  lands  shall  be  consummated  until 
the  proposed  purchaser  shall  have  purchased  a  water  right  from  the  United  States  for  the 
reclamation  of  such  lands.    The  following  is  the  text  of  the  law  referred  to: 

Section  1.  There  is  hereby  granted,  over  all  the  lands  now  or  hereafter  belonging  to  the  State,  a  right 
of  way  for  ditches,  tunnels,  and  telephone  and  transmission  lines  constructed  by  authority  of  the 
United  States.  All  conveyances  of  State  lands  hereafter  made  shall  contain  a  reservation  of  such  right 
of  way. 

Sec.  2.  Whenever  the  United  States  shall,  through  its  proper  officers,  authorize  the  construction 
of  any  irrigation  works  in  this  State  under  the  provisions  of  the  reclamation  act  of  June  17, 1902,  no 
lands  belonging  to  the  State  whose  irrigation  depends  upon  the  construction  of  such  works  shall,  after 
such  authorisation  for  construction  shall  have  been  publicly  announced  or  communicated  by  such 
proper  officer  to  the  governor  of  the  State,  be  sold  except  in  conformity  with  the  classification  of  farm 
units  by  the  United  States,  and  the  title  to  such  lands  shall  not  pass  from  the^State  imtil  the  applicant 
therefor  shall  have  fully  complied  with  the  provisions  of  the  laws  of  the  United  States  and  the  regula- 
tions thereunder  concerning  the  acquisition  of  the  light  to  use  water  from  such  works,  and  shall  produce 
the  evidence  thereof  dulv  issued. 
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OPERATIONS  IN  KANSAS. 

By  Charles  S.  Slighter. 

GARDEN  CITY  PROJECT. 

LOCATION, 

The  Oarden  City  project  is  planned  to  be  constructed  on  Arkansas  River  just  east  of 
Deerfield  station,  on  the  Atchison,  Topeka  and  Santa  Fe  Railway,  14  miles  west  of  the 
city  of  Garden,  Kans.  The  location  shown  on  the  map,  PI.  XVII,  is  in  the  bottom 
lands  of  Arkansas  River  just  west  of  the  boundary  line  between  Kearny  and  Finney 
counties.  The  headgates  of  an  irrigation  canal,  known  as  the  Farmers'  ditch,  which 
diverts  water  from  Arkansas  River  to  the  uplands  north  and  west  of  the  city  of  Garden, 
have  been  constructed  at  this  point.  This  canal  has  a  maximum  capacity  of  about  200 
second-feet  and  is  used  during  the  irrigation  season  whenever  there  is  water  in  Arkansas 
River,  but  the  unreliability  of  the  perennial  flow  of  the  river  at  this  point  makes  the  use 
of   the   canal   very   uncertain. 

The  amount  of  land  at  present  entitled  to  water  from  this  canal  amounts  to  8,600  acres, 
but  the  acreage  supplied  by  the  canal  can  be  greatly  increased,  provided  a  sufficient  quantity 
of  water  is  available. 

DESCRIPTION  OF  PROPOSED  PLANT. 

It  is  proposed  to  install  a  pumping  plant  to  recover  an  average  of  100  second-feet  of 
ground  water  during  the  irrigation  season  of  five  months,  to  be  delivered  into  the  Farmers' 
ditch  about  1  mile  northeast  of  its  headgates.  The  pumping  plant  will  consist  of  23  sep- 
arate pumping  stations,  each  discharging  into  a  concrete  lined  flume  or  surface  conduit, 
which  ultimately  reaches  the  Farmers'  ditch  as  described.  The  location  of  the  proposed 
pumping  plants  is  indicated  on  the  map,  PI.  XVIII.  In  this  diagram  the  separate  pumping 
stations  are  numbered  from  1  to  10  on  the  north  side  of  the  river  and  from  11  to  23  on  the 
south  side  of  the  river.  The  entire  plant  is  to  be  driven  from  a  central  power  station, 
located  about  the  middle  of  the  line  of  pumping  plants,  from  which  the  power  will  be 
distributed  electrically  to  the  23  separate  pumping  stations.  The  total  length  of  the 
line  covered  by  the  wells  and  conduits  of  the  various  stations  amounts  to  about  23,000 
feet,  the  individual  stations  being  spaced  at  intervals  of  1,000  feet  along  the  main  conduit. 
Ten  of  these  stations  are  on  the  north  side  of  the  river,  but  13  must  be  built  upon  the  south 
side  of  the  river,  which  necessitates  a  crossing  by  an  inverted  siphon. 

DESCRIPTION  OF  INDIVIDUAL  PUMPING  STATIONS. 

Each  separate  pumping  staCion  will  consist  of  a  set  of  ten  bored  wells,  connected  by  suc- 
tion pipes  to  a  No.  9  vertical  shaft  centrifugal  pump  driven  by  a  25-horBepower  vertical 
motor.  PL  XIX  shows  the  details  of  the  proposed  sets  of  wells.  In  the  lower  left-hand 
comer  of  this  diagram  a  sketch  is  given  showing  the  five  well  pits,  of  concrete,  each  one 
containing  two  wells.  The  central  pit  contains  the  pump;  the  rectangular  portion  of  the 
pit  is  housed  over  with  a  concrete  structure  designed  to  protect  the  machinery  from  the 
dust  and  weather.  The  wells  shown  in  the  diagram  consist  of  two  classes.  It  is  proposed 
that  one,  near  the  central  pump  house,  shall  be  300  feet  deep.  This  is  designed  to  be 
constructed  of  California  stove-pipe  casing,  or  other  suitable  material,  12  inches  in  diameter, 
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extending  full  size  throughout  its  total  depth.  All  other  wells  shown  in  the  diagram  are 
to  be  of  15-inch  casing  and  to  extend  to  a  depth  of  40  to  60  feet.  It  is  proposed  to  case 
the  shallow  wells  with  slotted  galvanized-iron  casing,  made  of  16-gage  galvanized  iron, 
provided  with  three-sixteenth  by  l|-inch  "hit  or  miss''  perforations,  punched  before  the 
iron  is  galvanized.  The  perforations  or  openings  aro  designed  to  occupy  about  40  per  cent 
of  the  total  area  of  the  well  strainers. 

The  average  distance  from  the  surface  of  the  ground  to  ground  water  throughout  the 
line  of  proposed  wells  is  6}  feet.  For  a  large  part  of  this  distance  the  depth  to  water  is 
only  a  few  feet,  consequently  the  concrete  pump  pits  will  vary  from  5  feet  to  10  feet  in 
depth.    Concrete  well  pits  will  be  needed  only  at  stations  16  to  23. 

The  suction  pipes  leading  from  the  various  wells  to  the  centrifugal  pump  are  designed 
to  be  made  of  galvanized  spiral-riveted  steel  pipe,  with  all-flange  connections.  The  suction 
pipes  to  the  individual  weUs  aro  so  designed  that  they  may  be  readily  removed  for  the 
purpose  of  cleaning  or  inspecting  the  wells. 

The  weUs  are  constructed  in  pairs  and  placed  as  close  together  as  practicable,  so  as  to 
increase  the  specific  capacity  of  the  individual  weUs  by  a  method  described  below.  The 
end  well  pits,  if  thought  desirable,  can  be  provided  with  three  wells  instead  of  two.  It 
is  proposed  to  develop  a  high  specific  capacity  in  the  wells  by  running  clear  water  into 
one  well  while  the  twin  well,  5  feet  distant,  is  vigorously  pumped.  Tests  of  the  material 
in  the  Arkansas  imderflow  show  that  such  treatment  will  clear  the  gravel  of  fine  material, 
and  tend  to  transform  the  water-bearing  gravels  between  the  two  well  casings  into  a  very 
coarae  percolating  medium. 

It  is  contemplated  to  perforate  the  300-foot  well  opposite  all  good  water-bearing  strata 
that  may  be  found.  The  exact  depth  of  bed  rock  in  this  locality  is  not  accurately  known; 
at  Garden  it  has  been  found  to  be  over  300  feet  deep. 

TOTAL  CAPACITY  AND  SPECIFIC  CAPACITY  OF  THE  WELLS. 

Careful  tests  of  the  pumping  plants  in  the  bottom  lands  of  Arkansas  River,  made 
during  the  summers  of  1904  and  1905,  show  that  each  square  foot  of  well  strainer  can  be 
relied  upon  to  furnish  0.25  gaUon  of  water  per  minute,  imder  one-foot  head.  This  subject 
has  already  been  fuUy  reported  upon  and  discussed  in  a  report  by  the  writer.a  The 
table  on  page  —  gives  the  principal  data  obtained  from  these  tests.  In  many  of  the  exist- 
ing wells  the  strainers  or  feeders  are  placed  only  a  few  feet  apart,  and  even  imder  these 
conditions  the  specific  capacity  of  0.25  gallon  per  minute  for  one  foot  of  head  \a  main- 
tained. Tests  of  the  city  well  at  Garden,  Kans.,  show  that  no  deterioration  in  its  capacity 
has  taken  place  during  five  years  of  daily  pumping.  In  addition  to  this,  investigations 
made  of  the  actual  rate  of  movement  of  the  underflow  in  the  Arkansas  River  Valley,  as 
well  as  the  samples  of  material  procured  at  various  depths,  show  that  the  deposits  in  the 
valley  are  very  uniform  in  character.  Since  the  specific  capacity  of  0.25  gaUon  per  minute 
was  exceeded  in  nearly  all  the  pumping  plants  tested,  it  has  been  assumed  that  it  would 
make  a  safe  basis  for  the  minimum  yield  of  the  wells  described  above.  Bkch  of  the  60-foot 
shallow  wells  whose  construction  is  contemplated  at  the  different  stations  will  contain  160 
square  feet  of  percolating  surface.  If  the  water  in  the  well  be  lowered  10  feet  by  the  pump, 
and  if  the  minimiun  specific  capacity  of  0.25  gaUon  per  minute  be  assumed,  a  yield  of  400 
gallons  per  minute  is  assured  for  each  well.  Under  a  head  of  15  feet  each  well  would 
yield,  on  the  same  basis,  600  gallons  per  minute.  The  deep  well  will  contain  787  square 
feet  of  percolating  surface.  The  specific  capacity  may  safely  be  taken  to  be  0.1  gallon 
per  minute  per  square  foot  of  strainer,  instead  of  0.25,  as  finer  material  may  be  met  with 
at  the  greater  depths.  In  making  this  estimate  allowance  has  been  made  for  50  feet  of 
clay  or  silt  which  will  not  yield  any  water  at  all.  The  estimate  of  0.1  gallon  per  minute 
per  square  foot  of  strainer  under  these  circumstances  is  considered  the  minimum  yield, 

oSlichter,  C  8.,  Underflow  of  Arkansas  River  Valley  in  western  Kansas:  Water-Sup.  and  Irr. 
Paper  U.  8.  Geol.  Survey  No.  163.    (In  press.) 
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since  wells  extending  through  fine  clay,  fine  sand,  and  miscellaneous  material  on  the  uplands 
average  0.1  gallon  per  minute  per  square  foot  of  strainer,  counting  all  the  material  encoun- 
tered as  water-bearing  material.  On  this  basis  the  yield  of  the  deep  well,  under  10-foot 
head,  is  calculated  to  be  787  gallons  per  minute,  and  under  15-foot  head  it  is  calculated 
to  be  1,800  gallons  per  minute;  hence  the  total  capacity  for  each  set  of  ten  wells  for  10-foot 
head  will  be  4,387  gallons  per  minute,  or  9.75  second-feet,  and  for  the  15-foot  head  the  total 
yield  is  estimated  to  be  6,580  gallons  per  minute,  or  14.6  second-^eet.  The  individual 
pumping  stations  are  designed  on  the  basis  of  recovering  5  second-feet  of  water  from  each 
station.  The  margin  of  safety  on  the  above  estimate  is  in  the  ratio  of  1  to  3,  without 
counting  on  a  suction  head  of  more  than  15  feet. 

On  the  same  basis  the  total  capacity  of  23  such  stations,  under  10-foot  head,  would  be 
214  second-feet,  and  under  15-foot  head  the  total  capacity  would  be  321  second-feet. 

DatafrKtm  tests  of  pumping  plants,  Arhanmu  VaUey,  Kansas. 


Owzier  of  plant. 


D.H.Logan Oarden,  Kana. 

Mrs.  M.  Riohter do 

C.  E.  Sexton do 


Location. 


Nathan  Fulmer Lakln,  Kans 


J.  M.  Root 

King  Bros 

Waterworks 

I.  L.  Dieaem 

L.  E.  Smith 

H.  B.  Holcomb. 

H.  S.  Kipp 

J.  R.  MoKJnnie. 


t do 

Garden,  Kans . . 

....do 

....do 

....do 

Sherlock,  Kans 
Oarden,  Kans . 
....do 


Kind  of  pump. 


No.  3  centrifugal . 

Menge 

2  vertical  6  by  16 

cylinder. 
Chain  and  bucket. 

....do 

No.  4  centrifugal.. 
2 duplex  steam... 
No.  4  centrifugal.. 

...do 

No.  14  centrifugal. 
Two  6  by  Scylinder 
No.  4  centrifugal 


Horse- 
power of   Fuel  used, 
engine.  * 


Price  of 
fuel. 


6  ! 
10    ' 

7  I 
14 


Per  gal. 

Gasoline.. 

10.22 

....do.... 

.20 

....do.... 

.22 

....do.... 

.21 

....do.... 

.22    ' 

10 

6 
80 

31 

5 


Coal 

do.... 

Gasoline.. 
do.... 

Coal 

Gasoline.. 
do.... 


.12i 
.121 
a4.00 
.121 
.121 


Owner  of  plant. 


D.  H.  Logan.... 
Mrs.  M.  Rlchter 
C.  E.  Sexton.... 
Nathan  Fulmer. 

J.M.  Root 

King  Bros 

Waterworks 

I.  L.  Dlesem 

L.E.Smith 

H.  B.  Holcomb . 

H.  S.  Kipp 

J.  R.  McKinnle. 


8. 


Distance 
water  is 
lowered. 


0. 


Yield  of 
well. 


10. 


Specific 
canaclty 
of  well. 


Feet. 
6.85 
5.3 
3.0 
6.36 
4.16 
20.3 
5.48 
6.72 
2.16 
9.60 
2.83 
8.39 


Oal9.  per 
minute. 

272 

394 

91 

540 

215 

183 

290 

363 

198 

2,300 

96  I 

420  I 


Oal9.  per 
minuU. 

42.2 

73.0 

30.3 

85.0 

61.7 

0.0 

77.0 

54.0 

91.6 

240.0 

34.0 

50.0 


11. 


12. 


peroolat-  *^P??^ 

inrf  or    1      ^^ 

-SSlner     ^^^, 

surface.  '  l^}  **' 


Square 
feet. 

107.0 

266.5 

57.2 
334.0 
210.0 

86.0 

,247.0 

151.0 

7a  7 
1,876.0 

45.3 
116.0 


OaU.per 
minute. 

0.394 
.27 
.53 
.254 
.246 
.108 
.31 
.356 

1.200 
.128 
.75 
.42 


13. 


14. 


15. 


acre-root 
of  water. 


fuel  per  i^^X^ 
gallons, 

Cents. 

!     j' 


12.93 
2.90 
3.75 
1.37 
2.78 


I 


2.10 

^ 

L67 

^ 

h.96 

^ 

1.00 

•A 

L20 

A 

Hy- 
draulic 
horse- 
power. 


1.6 
1.5 

.4 
2.3 

.9 
2.9 

2.0 
.9 
13.4 
.53 

2.28 


o  Price  per  too. 


f>  Including  cost  of  labor  and  lubricating  oil. 
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TOTAL  AMOUNT  OF  WATER  TO  BE  RECOVERED. 

The  entire  pumping  plant  is  designed  to  recover  an  average  of  100  second-feet  of  ground 
water  for  a  period  of  one  hundred  and  fifty  days,  which  is  equivalent  to  a  total  of  30,000 
acre-feet  for  the  irrigation  season.  The  amount  of  ground  water  available  for  this  purpose 
is  estimated  as  follows: 

Actual  determinations  of  the  rate  of  flow  of  the  underground  waters  at  this  point  show 
an  average  velocity  of  8  feet  per  twenty-four  hours.  The  total  amount  of  water  that 
passes  a  cross  section  24,000  feet  in  length  and  100  feet  deep  in  these  water-bearing  gravels 
will  average  6,400,000  cubic  feet  per  twenty-four  hours.  If  we  allow  for  a  porosity  of  one- 
third  in  the  water-bearing  gravels,  this  is  equivalent  under  normal  conditions  to  a  contin- 
uous flow  of  74  second-feet,  or  54,000  acrenfeet  in  a  year.  It  is  contemplated,  therefore,  to 
utilize  a  little  more  than  one-half  of  the  ground  water  that  annually  passes  the  cross  section 
intercepted  by  the  proposed  line  of  wells. 

The  margin  of  safety  provided  for  above  is  deemed  to  be  large.  In  the  first  place  the 
lowering  of  the  water  10  feet  in  each  of  the  wells  will  more  than  double  the  natural  velocity 
of  the  ground  waters  toward  the  proposed  line  of  weUs;  in  the  second  place,  in  case  of  a 
season  of  light  rainfall  the  amount  of  storage  water  which  will  be  drawn  upon  by  the  pump- 
ing plants  will  not  be  excessive,  as  the  30,000  acre-feet  of  water  whose  withdrawal  is  pro- 
posed is  equivalent  to  the  average  annual  contribution  of  the  rainfall  to  the  groimd  waters 
on  1 .3  townships  of  these  bottom  lands.  Measurements  on  these  lands  during  1904  showed 
that  60  per  cent  of  the  precipitation  during  moderate  rains  actuaUy  reached  the  water 
plane,  leaving  only  40  per  cent  to  supply  the  loss  and  evaporations  from  the  surface.  Since 
the  annual  rainfall  approximates  20  inches,  it  is  contemplated  that  the  normal  level  of 
-  ground  water  in  the  contributary  area  will  not  be  lowered  more  than  5  feet  at  the  close  of 
an  irrigation  season.  In  a  dry  year  an  average  lowering  of  the  ground  water  3  feet  for  a 
distance  of  5  miles  each  side  of  the  line  of  wells  would  furnish  all  of  the  water  removed  in 
a  season,  even  if  the  rainfall  and  the  motion  of  the  underground  waters  did  not  furnish  a 
renewed  supply. 

The  bottom  lands  of  the  river  at  this  point  are  very  wide  and  constitute  an  excellent 
catchment  area  for  rainfall,  and  the  gravels  beneath  the  bottom  lands  form  an  underground 
drainage  for  a  tributary  watershed  extending  both  north  and  south  of  the  river  valley.  As 
has  been  shown  in  the  writer's  report  on  The  Underflow  of  the  Arkansas  Valley  ,a  there  is 
practically  no  surface  run-off  from  this  portion  of  the  plains.  Most  of  the  rainfall  occurs 
during  the  summer  months,  and  the  ground  being  level  and  porous,  the  ample  gravels 
beneath  the  surface  act  like  tile  drains  in  removing  all  of  the  rainfall  that  is  not  taken  by 
vegetation  and  evaporation. 

The  location  selected  for  the  proposed  pumping  plant  is  well  adapted  to  catch  and  con- 
serve a  considerable  portion  of  the  annual  rainfall.  This  is  especially  true  of  the  land  south 
of  Aricansas  River.  At  this  place  large  areas  of  flat  land  lie  between  the  steeper  sand  hills, 
which  catch  the  rainfall  and  naturally  drain  it  toward  the  region  from  which  it  wi!^  be 
drawn  by  the  pumping  plant.  This  fact  is  well  illustrated  by  the  topographic  map  of  the 
Lakin  quadrangle,  which  shows  that  the  sand  hills  at  the  head  of  the  line  representing  the 
line  of  weUs  form  an  unusually  favorable  catchment  area. 

CENTRAL  POWER  STATION. 

The  central  power  station  is  designed  to  develop  600  brake  horsepower  from  gas  engines 
using  producer  gas  as  fuel  or  from  steam  engines  using  Kansas  crude  oil  or  Colorado  bitu- 
minous coal  as  fuel.  Colorado  lignite  suitable  for  producer  gas  can  be  laid  down  at  the 
proposed  location  for  less  than  $3.50  per  ton.  It  is  proposed  to  erect  a  gas-producer  plant 
in  two  or  three  units,  as  it  is  probable  that  two  units  would  run  the  plant  for  a  considerable 
portion  of  the  time.  It  is  planned  to  divide  the  engines  into  three  units  of  200  horsepower 
each,  directly  connected  to  electrical  generators. 

«  Water-supply  and  Irrigation  Paper  No.  153,  U.  8.  Oeol.  Survey. 
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The  following  table  gives  the  lift  required  at  each  station  and  the  power  required  to  run 
the  plant. 

Lift  ai  various  pumping  stations  and  power  required. 


1.        ,          2. 

3. 

4. 

5. 

Station. 

Water  In 

canal  above 

water 

plane. 

Discbarge 
above 
water 
plane. 

Total  lift; 

suction  = 

12. 

Total  lilt; 
suction  «= 
12  and  9. 

Feet. 

Feet. 

Feet. 

Feet. 

50 

5.5 

6.5 

18.5 

18.5 

40 

5.5 

6.5 

18.5 

18.5 

0 

5.5 

6.5 

18.5 

18.5 

10                 5.0 

6.0 

18.0 

18.0 

20                  5.2 

6.2 

18.2 

18.2 

30                  4.5 

5.5 

17.5 

17.5 

40    1              4.7 

5.7 

17.5 

17.5 

50 

4.8 

5.8 

17.8 

17.8 

60 

4.0 

5.0 

17.0 

17.0 

70 

4.0 

5.0 

17.0 

17.0 

80 

10.0 

11.0 

23.0 

20.0 

90    ;              9.5 

10.5 

22.5 

19.5 

100                  8.4 

9.4 

21.4 

18.4 

110                 7.3 

8.3 

20.3 

17.3 

120                 9.5 

10.5 

22.5 

19.5 

130                 8.5 

9.5 

21.5 

18.6 

140 

8.0 

9.0 

21.0 

18.0 

150 

7.7 

8.7 

20.7 

17.7 

160 

7.6 

8.6 

20.6 

17.6 

170    1             6.0 

7.0 

19.0 

16.0 

180                  6.5 

7.5 

19.5 

16.6 

190    1              5.8 

6.8 

18.8 

15.8 

200    1             3.5 

4.5 

16.5 

13.5 

T< 

)tal 

445.8 
19.4 

406.8 
;7.7 

Average 

Required  horsepowe 
Brake  bormnowAr . 

r 

254 

230 

650 

500 

Pump-motor-line-generator  efficiency  (60,  85,  90,  85)  =  39  per  cent. 

FUEL. 

An  analysis  of  Colorado  lignite  believed  to  be  suitable  for  producer  fuel  is  giyen  herewith: 

Analysis  of  lignite  from  mine  of  Curtis  Coal  Mining  Company,  Colorado  Springs,  Colo. 
[Analysis  made  at  fuel  laboratory,  University  of  Wisconsin,  February  10, 1905.] 


1. 

2.        1        3. 

4. 

6. 

Sample. 

1 
Moisture.  VoUtUes. 

Fixed 
carbon. 

Ash. 

1 ...              

23.3 
23.1 
21.6 

37.1 
30.9 
38.8 

36.6 
42.7 
36.4 

2.9 

2 

2.3 

3 - --  

3.2 

Average 

22.7            Sfi.A 

38.6 

3.1 
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The  ash  is  free  from  slag.  After  combustion  it  is  left  in  a  fine  powder  similar  to  hard- 
wood ashes.  ^ 

The  British  thermal  units  in  two  determinations  amounted  to  11,700  in  the  first  and 
12,000  in  the  second  per  pound  of  dry  sample. 

INVERTED  SIPHON. 

A  portion  of  the  water  recovered  must  be  carried  under  Arkansas  River  by  means,  it  is 
proposed,  of  a  42-inch  stave  pipe  held  in  place  beneath  the  bed  of  the  river  by  40-foot  piling. 
This  conduit  is  provided  with  north  and  south  penstock  approaches  of  concrete.  The 
total  length  of  the  siphon  is  800  feet,  and  its  capacity,  under  the  proposed  head  of  5  feet 
in  800,  is  100  cubic  feet  of  water  per  second. 

CONCRETE  CONDUIT. 

The  topography  of  the  land  near  the  proposed  plant  is  such  that  the  conduit  to  receive 
the  water  from  the  various  pumping  plants  can  be  constructed  with  very  little  grading  or 
excavation.  At  the  point  where  the  conduit  discharges  into  the  Farmers'  ditch  it  will  have 
a  maximimi  capacity  of  120  second-feet.  It  is  proposed  to  construct  the  conduit  of  ti^pe- 
zoidal  cross  section  and  line  it  with  4  inches  of  concrete.  Three  of  the  pumping  plants  will 
discharge  directly  into  the  Farmers'  ditch,  so  that  the  total  maximum  capacity  of  the  entire 
plant  will  be  about  135  second-feet.  The  Farmers*  ditch  has  been  in  use  for  several  years, 
and  its  bottom  has  been  so  thoroughly  puddled  with  mud  from  the  river  that  it  is  not  nec- 
eesary  to  line  it  in  order  to  avoid  excessive  loss  of  water  by  seepage.  The  conduit  will 
decrease  in  size  gradually  toward  the  end  of  the  Une,  so  as  to  reduce  the  total  cost.  South 
of  station  16  the  grade  permits  the  conduit  to  be  placed  beneath  the  surface,  and  its  design 
\b  accordingly  changed  to  a  rectangular  section. 

CONCRETE. 

Concrete  for  all  purposes  will  be  made  from  sand  and  gravel  found  in  the  vicinity  of  the 
conduit  line  on  the  south  side  of  the  river.  The  voids  in  the  natural  gravels  run  as  low  as 
20  per  cent,  so  that  the  amount  of  cement  required  for  good  concrete  will  be  low.  Cement 
for  concrete  can  be  put  down  at  Deerfield  at  a  low  price.  The  current  quotation  for  lola 
cement,  best  quality,  satisfying  the  Oovemment  specifications,  is  $1.57  per  barrel. 

PUMP  HOUSES. 

The  motor  and  centrifugal  pump  will  be  housed  in  a  suitable  structure  built  over  the  cen- 
tral rectangular  pit  of  each  pumping  station.  The  construction  contemplated  is  of  con- 
crete reenforced  with  steel  rods. 

On  account  of  occasional  flooding  of  the  lands  on  which  the  pumping  stations  are  located 
a  vertical  type  of  pump  and  motor  is  required  for  the  proper  protection  of  the  motor.  The 
motor  will  either  be  supported  by  a  cast-iron  frame  connected  to  the  pimip,  so  that  pump 
and  motor  will  stand  on  the  same  base,  or  will  be  suspended  in  steel  channels. 

A  74nch  I  beam,  extending  just  below  the  roof  line,  will  serve  as  an  overhead  rail  to 
carry  the  trolley  of  differential  chain  hoist,  by  means  of  which  the  pimip  or  motor  can  readily 
be  removed  from  the  building. 

On  account  of  the  large  amount  of  sand  and  dust  carried  by  the  wind  in  a  semiarid 
country  it  becomes  especiaUy  important  to  protect  all  machinery  with  the  greatest  care. 
For  this  reason  the  pump  house  is  designed  to  be  built  so  that  it  can  be  kept  tight,  the  nec- 
essary ventilation  being  provided  by  two  round  windows  placed  at  a  considerable  distance 
from  the  ground,  and  provided  with  gauze  screens  and  louver  boarding. 

The  estimate  of  cost  includes  4-ply  tar  or  paroid  covering  on  flat  roof  and  removable 
sectional  floor  of  2-inch  yellow  pine. 
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LAND   RECLAIMED. 

Th9  Fanners'  ditch  covers  portions  of  the  uplands  and  second  bottoms  of  excellent  and 
proved  quality.  At  least  15,000  and  possibly  20,000  acres  of  land  can  be  reached  from  the 
present  canal.  The  canal  and  laterals  are  in  good  condition  and  are  worth  about  $40,000. 
The  water  to  be  recovered  by  the  pumping  plant  is  designed  to  irrigate  the  8,600  acres  of 
land  entitled  to  water  under  the  existing  ditch.  The  semiarid  region  of  western  Kansas 
requires  but  a  small  amount  of  water  per  acre  of  irrigated  land,  as  the  natural  rainfall  and 
the  quality  of  the  upland  soils  render  possible  a  high  duty  of  water.  If  more  water  is 
available  than  is  counted  upon  above,  there  is  ample  acreage  that  can  be  included  in  the 
project  at  a  later  date. 

COST  PER  ACRE  RECLAIMED. 

According  to  the  detailed  estimates  the  cost  of  the  proposed  project  will  be  about  $30  pel 
acre  of  land  reclaimed,  and  the  running  expense  of  the  plant  need  not  exceed  77  cents  for 
each  acre-foot  of  water  delivered.  The  estimated  cost  of  the  project  is  baaed  upon  the 
use  of  a  producer-gas  plant  and  gas  engines  for  prime  movers,  and  a  distributing  S3r8tem 
consisting  of  direct-current  generators  and  motors.  The  estimated  cost  for  steam  engines 
and  alternating-current  machinery  would  be  less  than  the  amount  included  in  the  esti- 
mate given  herewith.  It  will  be  observed  from  the  detailed  statement  of  operating 
expense  that  the  annual  expense  has  been  divided  into  two  portions — first,  fixed 
charges,  including  depreciation,  maintenance,  and  repairs,  which  must  be  met  irre- 
spective of  the  quantity  of  water  pumped;  second,  operating  expenses,  such  as  labor, 
coal,  supplies,  and  cost  of  distribution,  which  will  depend  primarily  upon  the  amount  of 
water  pumped.  It  is  proposed  to  charge  each  of  these  classes  to  the  land  reclaimed  as  sepa- 
rate items.  The  first  ^dll  be  a  fixed  charge  of  approximately  75  cents  for  each  acre  of  land 
under  the  project,  whether  the  owner  uses  water  or  not.  The  second  charge  will  oe  for 
distributed  water,  the  cost  of  which,  based  upon  a  total  of  25,000  acre-feet  delivered  to  the 
users,  will  be  77  cents  per  acre-foot.  This  charge  will  be  in  proportion  to  the  amount  of 
water  used. 

The  lands  to  be  reclaimed  are  known  to  be  excellent  for  the  growing  of  sugar  beets,  and 
considerable  quantities  are  grown  at  the  present  time  and  shipped  to  Colorado  factories. 
This  crop  will  probably  become  one  of  the  staples  grown  on  the  reclaimed  land.  A  market 
and  knowledge  of  the  requirements  already  exist  in  the  community,  and  will  not  have  to  be 
developed  by  experience.  A  sugar  factory  will  be  completed  at  Garden  City  before  the 
autumn  of  1906.  One  or  two  irrigations  at  the  right  time  assure  a  crop  of  wheat,  and  the 
estimated  cost  of  water  will  by  no  means  render  such  a  crop  unremunerative. 

PRESENT   STATUS   OF  P1«)JECT. 

Preliminary  plans  and  estimates  for  the  Garden  City  project  were  submitted  to  a  project 
board,  consisting  of  A.  P.  Davis,  H.  A.  Storrs,  and  Charles  S.  Slichter,  which  met  at  Den- 
ver on  March  24,  1905.  This  board  recommended  that  the  surveys  and  investigations  be 
continued  and  that  alternative  estimates  of  several  possible  designs  and  limiting  sizes  be 
prepared  for  future  consideration.  These  further  plans  and  estimates  were  considered  by 
a  project  board  on  September  5, 1905,  at  Garden  City,  Kans.  The  board  consisted  of  Morris 
Bien,  W.  H.  Sanders,  O.  H.  Ensign,  H.  A.  Storrs,  and  Charles  S.  Slichter.  This  board 
reconunended,  first,  that  the  project  be  constructed  as  soon  as  the  water  users'  association 
had  been  organized  in  satisfactory  form  and  practically  the  entire  area  of  the  land  under 
the  project  had  been  subscribed  to  the  w^ater  users'  association;  second,  that  the  prepara- 
tion of  plans  and  specifications  for  construction  be  undertaken  at  once,  so  that  there  shcnild 
be  no  delay  in  beginning  construction  after  the  organization  of  the  water  users*  association 
had  proceeded  to  the  proper  stage.  Under  date  of  October  5,  1905,  the  Secretary  of  the 
Interior  approved  the  project  and  ordered  its  construction  as  soon  as  practicable  after  the 
complete  subscription  in  the  usual  manner  of  all  the  lands  to  be  benefited  in  order  to  insure 
the  return  of  the  fund,  in  accordance  with  the  reclamation  act. 
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OPERATIONS  IN  MONTANA. 

By  H.  N.  Savage. 

MIIiK    RIVER    PROJECT,  a 

GENERAL    FEATURES. 

The  location  and  extent  of  the  Milk  River  project  were  described  in  the  First  Annual 
Report  of  the  Reclamation  Service;  pages  203  to  214;  in  the  Second  Annual  Report,  pages 
332  to  350,  and  in  the  Third  Annual  Rejx)rt,  second  edition,  pages  291  to  307.  A  general  map 
of  the  project  was  published  in  the  Third  Annual  Report,  second  edition,  as  PL  XXVIII. 

In  northern  Montana  and  southern  Alberta  are  two  rivers,  Milk  and  St.  Mary  rivers,  that 
are  international  in  character,  their  drainage  basins  being  partly  in  the  United  States  and 
partly  in  Canda.  Canals  have  been  diverting  water  from  each  river  for  several  years  past, 
and  certain  vested  water  rights  have -thus  been  acquired. 

St.  Mary  River  rises  on  the  eastern  slope  of  the  Rocky  Mountains  in  Montana  and  flows 
northward  into  Canada,  where  it  empties  into  Saskatchewan  River,  its  waters  being  even- 
tually lost  in  Hudson  Bay.  Milk  River  has  its  source  in  the  United  States,  in  the  rolling 
country  lying  immediately  east  of  the  St.  Mary  basin.  Its  two  forks.  North  and  South 
forks,  flow  northward  into  Canada,  where  they  unite,  thence  continuing  as  Milk  River 
proper  in  an  easterly  direction  for  about  100  miles,  and  then  reentering  the  United  States. 
Milk  River  finally  empties  into  the  Missouri. 

The  valley  of  lower  Milk  River  ranges  in  elevation  from  2,100  to  2,500  feet,  and  is  well 
adapted  to  irrigation  if  the  water  supply  were  sufficient.  Milk  River  is  deficient  in  this 
particular,  and  the  Reclamation  Service  proposes  to  reinforce  it  with  an  additional  supply 
from  St.  Mary  River. 

Plans  are  now  maturing  in  both  countries  for  larger  irrigation  works,  whereby  ultimately 
the  water  supply  of  both  rivers  will  be  utilized,  and  it  will  probably  be  necessary  for  the 
United  States  and  Canada  to  make  an  agreement  relative  to  a  division  of  the  waters  of 
both  streams. 

The  general  scheme  of  the  Reclamation  Service  is  divided  into  two  parts:  (1)  Storage 
of  the  flood  waters  of  St.  Mary  Rit^er  and  their  diversion  into  the  headwaters  of  Milk  River; 
and  (2)  the  utilization  of  this  water  on  the  irrigable  lands  of  lower  Milk  River  in  Montana. 

The  investigation  has  brought  out  three  methods  o?  utilizing  the  waters  of  St.  Mary  basin : 
(1)  By  diverting  St.  Mary  River  to  North  Fork  of  Milk  River  and  allowing  it  to  run  through 
Canada  to  lower  Milk  River  Valley  in  Montana.  (2)  By  utilizing  the  waters  on  the  east- 
em  section  of  the  Blackfeet  Indian  Reservation  and  on  the  lands  immediately  adjacent  to 
the  east.  (3)  By  carrying  the  St.  Mary  water  across  both  the  North  and  South  forks  of 
Milk  River  to  Cutbank  drainage,  allowing  it  to  flow  down  this  and  Marias  River,  100  miles 
or  more,  then  taking  it  out  of  the  Marias  by  a  canal  to  Big  Sandy  Creek,  a  tributary  of  Milk 
River. 

The  most  feasible  project  is  the  one  first  mentioned.  The  second  scheme  can  also  be  car- 
ried out.  The  third  method  has  been  considered  in  previous  reports  as  a  possible  con- 
necting link  between  the  St.  Mary  basin  and  lower  Milk  River,  but  from  the  detailed  inves- 


a  From  report  by  Cyrus  C.  Babb. 
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ligation  on  Marias  River  during  1904  it  is  believed  that  this  diversion  should  be  considered 
on  its  own  merits — that  is,  as  -a  scheme  to  make  the  Marias  a  separate  source  of  irrigation 
for  lands  immediately  west  of  Big  Sandy  Creek. 

IRRIGABLE  AREA. 

The  Milk  River  project  as  designed  contemplates  reclaiming  over  250,000  acres,  divided 
into  two  diversions:  (1)  91,970  acres  near  Chinook;  (2)  158,900  acres  extending  from  the 
Dodson  diversion  dam  eastward  to  Glasgow.  The  following  table  shows  areas  that  can 
be  reclaimed  under  these  sjrstems: 

Areas  under  MiUe  River  system. 

Chinook  system:  Acres. 

Chinook  North  canal,  38.3  miles 44, 000 

Chinook  South  canal,  57  miles — 

West  of  Indian  reservation .• 14, 975 

On  Indian  reservation 32, 995 

91,970 

Dodson  sjTstem: 

Malta  South  canal,       31  miles 20,671 

Malta  North  canal,       30  miles 14,021 

Beaver  Creek  canal,      32  miles 13, 894 

Bowdoin  North  canal,  65  miles 46, 127 

Bowdoin  South  canal,  84  miles 48, 370 

Hinsdale  canal ,             35  mi]es 1 3, 723 

Mud  Lake  outlet,          10  miles 2, 094 

Total,  287mUes 158,900 

Grand  total 250,870 

The  areas  under  the  Marias  canal  system  are  shown  in  the  table  below.  There  is  included 
19,750  acres,  which  can  be  reclaimed  by  additional  pumping  to,  a  height  of  20  or  25  feet. 

Areas  under  Marias  system. 

Acres. 

Marias  High  Line  canal,  150  miles 102, 680 

South  canal,  18  miles 13,670 

West  Reservoir  canal,  60  miles 30, 160 

East  Reservoir  canal,  38  miles 33, 740 

Total 180,250 

Pumping 19,750 

Grand  total 200,000 

ST.  MARY   BASIN. 

St.  Mary  River  has  its  source  on  the  eastern  slope  of  the  continental  divide.  The  snow- 
capped peaks  of  the  range  and  the  many  glaciers  in  the  basin  contribute  to  the  high  run-off 
and  a  large  water  supply.  The  plan  of  the  United  States  Reclamation  Service  is  to  connect 
this  mountain  drainage  area  by  means  of  a  canal  23  miles  long  with  the  headwaters  ci  Milk 
River  and  to  utilize  the  increased  water  supply  for  the  irrigation  of  the  lower  vaUey  of  this 
latter  stream. 
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WATER  SUPPLY. 

Gaging  stations  have  been  maintained  in  St.  Mary  basin  since  1902  on  St.  Mary  River  at 
the  dam  site,  on  Swiftcurrent  Creek  at  its  mouth,  and  on  St.  Mary  River  at  the  international 
boundary  line.  Occasional  measurements  were  made  on  Kennedy  Creek  near  its  mouth.  A 
gaging  station  was  established  by  the  Alberta  Railway  and  Irrigation  Company  in  1905  on 
St.  Mary  River  at  Kimball,  Alberta,  immediately  above  the  head  of  the  Canadian  canal. 
The  following  table  shows  the  total  annual  discharge  in  acre-feet  at  the  stations  maintained 
by  the  United  States: 

Annual  disfharge  of  St.  Mary  River f  in  a§re-feet. 


River. 

Location. 

1902. 

1903. 

1904. 

1905. 

St.  Mary 

Dam  site 

477,913 
'   224,832 

539,070 

290,385 

1,107,294 

399,614 
194,734 
610,409 

306,920 
162,544 
514  100 

SwUtcurrent 

Mouth .1 

St.Mary 

TT»temfttioi*ftl  Hue 

CANADIAN   DIVERSION. 

In  1900  a  canal  was  completed  in  Canadian  territory  diverting  water  from  St.  Mary 
River  about  7  miles  north  of  the  international  line.  It  is  the  property  of  the  company  then 
known  as  the  Canadian  Northwest  Irrigation  Company,  but  now  known  as  the  Alberta  Rail- 
way and  Irrigation  Company.  The  total  length  of  the  canal  system  is  200  miles,  including 
laterals;  the  length  of  the  main  canal  is  86  miles,  including  27  miles  of  natural  channel. 
The  main  canal  at  the  head  is  20  feet  wide  on  the  bottom,  5  feet  deep,  side  slopes  1}  to  1, 
and  grade  2  feet  to  the  mile.  With  these  dimensions,  the  capacity  of  the  canal  would  be 
about  385  second-feet.  The  maximum  capacity  as  measured  in  July  22,  1905,  was  311 
second-feet.  The  government  grant  to  this  company  on  St.  Maiy  River  was  500  second- 
feet  of  the  low-water  discharge  and  2,000  second-feet  id  the  flood  dischaige,  with  a  time 
limit  of  fifteen  years  in  which  to  complete  the  works. 

The  company  has  also  a  land  grant  of  600,000  acres  from  the  Dominion  Government, 
provided  it  applies  water  to  same.  In  order  to  perfect  title  to  the  land,  the  company  has 
developed  the  St.  Mary  and  Milk  River  irrigation  systems,  described  above.  It  has  also 
under  construction  the  development  of  a  storage  system.  There  are  no  reservoirs  directly 
on  the  two  main  streams,  but  there  are  a  number  throughout  the  area  controlled  by  the 
canals.  The  system  as  at  present  constructed  does  not  utilize  these  reservoirs,  but  it  may 
be  possible  to  utilize  them  by  enlarging  the  canals  at  considerable  expense. 

OUTRANK   AGRICULTURAL  AREA. 

The  eastern  part  id  the  Blackfeet  Indian  Reservation  and  the  country  immediately  east 
of  it  is  well  adapted  to  irrigation.  During  1904  a  topographic  reconnaissance  was  made  of 
this  section,  and  the  total  area  of  164  square  miles  was  covered.  Sixty-seven  per  cent  of 
this  area,  or  70,000  acres,  is  a  level  tract  of  good  soil.  At  present  there  is  no  available  water 
supply  immediately  near  it,  but  it  is  possible  to  cany  St.  Maiy  water  to  the  area.  In  order 
to  do  this,  St.  Mary  canal,  above  described,  would  have  to  be  extended,  first  across  the  North 
Fork  of  Milk  River,  then  to  and  across  the  South  Foric  to  the  top  of  the  ridge,  or  the  divide 
between  South  Fork  of  Milk  River  and  the  Rocky  Coulee  drainage,  a  tributary  of  the  Marias. 
The  total  length  of  this  canal  would  be  60  miles.  The  watQr  would  be  turned  into  Little 
Rocky  CouldJD,  down  which  natural  channel  it  could  flow  for  a  few  miles  and  then  be 
diverted  to  the  agricultural  lands. 

In  addition  to  the  area  just  given — 70,000  acres,  or  that  up  to  the  4,000-foot  contour — 
there  are  similar  additional  areas  above  that  could  be  watered  from  the  same  supply.  The 
total  area  in  this  vicinity  thus  available  for  agricultural  purposes  is  100,000  acres.  The 
general  range  in  altitude  is  from  3,700  to  4,000  feet  above  sea  level.    (See  PI.  XX.) 
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DIVERSION   OF  CUTBANK  CBEEK. 

From  a  study  of  the  resulting  surveys  of  the  Cutbank  agricultural  area  another  possible 
project  may  have  been  discovered.  This  is  the  diversion  of  Cutbank  Creek  at  a  point  about 
17  miles  west  of  the  town  of  Cutbank  on  the  north  side  of  the  creek.  The  elevation  of  the 
water  surface  at  the  proposed  diversion  is  3,880  feet.  At  the  end  of  the  seventh  mile  the 
canal  would  be  out  of  its  canyon  and  would  then  commence  to  cover  the  irrigable  land.  The 
total  length  of  the  projected  canal  is  58  miles,  and  the  total  area  under  it  is  31,000  acres. 
About  75  per  cent  of  this  area  is  irrigable  land,  leaving  a  net  area  of  24,000  acres  that  could 
probably  be  irrigated. 

A  private  company  has  been  contemplating  the  development  of  this  project,  but  with  a 
canal  heading  somewhere  several  miles  downstream  from  the  point  of  diversion  proposed. 
This  canal  would  irrigate  about  10,000  acres.     (PI.  XX.) 

A  gaging  station  was  established  on  Cutbank  Creek  at  the  town  of  Cutbank  on  August  4, 
1905.  The  records  are  not  of  suflBcient  length  to  permit  an  estimate  of  the  water  supply  of 
this  stream,  as  they  do  not  cover  the  flood  stage  of  the  creek  in  May  and  June.  It  Js 
believed,  however,  that  there  is  enough  water  in  the  stream  to  supply  a  canal  having  a  capac- 
ity of  250  second-feet,  the  amount  of  water  that  will  be  required  in  this  contemplated 
project. 

The  storage  possibilities  for  this  line  arc  not  very  good.  Cutbank  Creek  has  too  great  a 
fall  to  permit  the  economical  construction  of  reservoirs.  A  few  small  sites  on  the  agricul- 
tural land  itself  may  be  discovered  by  a  detailed  survey. 

ST.  MARY   RESERVOIR  CAPACmES. 

The  first  plan  for  storage  on  St.  Mary  Lakes  involved  the  construction  of  one  earthen  dam 
about  50  feet  high  at  the  outlet  of  the  lower  lake.  Lately  consideration  has  been  given  to 
the  construction  of  a  dam  between  the  lakes,  or  at  the  outlet  of  the  upper  lake,  and  studies  of 
various  heights  at  both  locations  have  been  made.  The  difference  of  elevation  between  the 
two  lakes  is  12  feet,  the  elevation  of  the  surface  of  the  lower  one  being  4,460  feet  and  of  the 
upper  4,472  feet.  The  distance  between  the  lakes  is  about  1 J  miles.  Provisions  for  lower- 
ing the  upper  to  the  level  of  the  lower  lake  have  also  been  studied. 

PROPOSED  PLANS. 

It  is  proposed  to  store  the  flood  waters  of  St.  Mary  River  by  constructing  one  or  more 
earthen  dams  at  the  outlet  of  the  St.  Mary  Lakes,  and  conducting  the  water  by  means  of  a 
canal  24  miles  long  to  the  North  Fork  of  Milk  River.  This  canal  will  be  located  entirely  in 
the  United  States.  The  first  6  miles  along  the  canyon  side  of  St.  Mary  River  will  be  lined  with 
cement  and  will  have  the  following  dimensions:  7  feet  wide  on  the  bottom;  7.3  feet  deep; 
side  slopes,  1 J  to  1 ;  grade,  0.00125,  or  6.60  feet  to  the  mile ;  discharge,  1 ,000  second-feet.  For 
the  unlined  portion  the  section  will  be  as  follows:  Bottom  width,  26  feet;  depth,  9  feet;  side 
slopes,  1}  to  1;  grade,  0.0002. 

The  dimensions  of  the  dam  at  the  outlet  of  the  lower  lake  will  be.  as  follows:  Length  on 
top,  1,600  feet;  slopes  on  both  upper  and  lower  sides,  3  to  1 ;  elevation  of  crest,  4,498;  effec- 
tive height  of  dam,  31  feet.  Provision  is  also  made  for  excavating  the  channel  between  the 
upper  and  lower  lake,  so  that  the  former  can  be  drawn  down  to  the  elevation  of  the  latter 
lake.    The  reservoir  capacity  under  these  conditions  will  be  150,000  acre-feet. 

INTERNATIONAL  CANAL. 

The  attention  of  the  Reclamation  Service  was  brought  by  the  Canadian  officials  to  a  possi- 
ble canal  line  from  St.  Mary  River,  located  partly  in  the  United  States  and  partly  in  Canada, 
that  might  be  less  costly  than  the  all-American  canal.  Preliminary  surveys  of  this  interna- 
tional canal  were  made  in  1905.  It  heads  at  what  is  known  as  the  Paisley  dam  site,  about  3 
miles  south  of  the  international  line.  It  thence  extends  into  Canada,  through  which  it  con- 
tinues for  about  S  miles,  swinging  back  into  the  United  States  and  around  Willow  Creek 
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drainage  for  4}  miles,  finally  ending  in  Whiskey  Gap,  in  Canada,  whence  the  water  finds  its 
way  into  the  drainage  of  the  North  Fork  of  Milk  River.  The  total  length  of  the  canal  line 
is  23  miles.  Preliminary  estimates  show  that  this  canal  would  be  somewhat  cheaper  of  con- 
struction than  the  upper  line,  and  the  annual  maintenance  would  also  probably  be  less. 

LOWER  MILK  RIVER  BASIN. 

Milk  River,  when  it  reenters  the  United  States,  flows  southeastward  for  about  60  miles  and 
then  continues  in  a  general  eastern  direction  for  170  miles  until  it  enters  Missouri  River.  The 
valley  is  comparatively  narrow,  ranging  from  one-half  mile  to  1  mile  in  width  from  the  inter- 
national line  to  a  point  about  10  miles  east  of  Uavre,  when  it  widens  out  and  has  an  average 
width  of  3  miles  down  to  its  mouth. 

Tlie  general  plan  for  the  irrigation  of  the  valley  comprises  the  construction  of  the  Chain 
Lakes  reservoir,  the  upper  end  of  which  is  only  a  few  miles  below  the  international  line. 
This  reservoir  will  store  the  flood  waters  of  Milk  River  and  any  of  the  stored  waters  of  St. 
Mary  River  that  may  be  turned  into  it.  The  water  will  be  turned  out  of  the  reservoir  and 
allowed  to  continue  down  the  main  channel  of  Milk  River.  Two  diversion  S3rstems  are 
planned  for  the  valley,  one,  known  as  the  Chinook  system,  comprising  the  Chinook  North 
and  south  canals,  heading  3  miles  southeast  of  the  town  of  Chinook,  and  the  other,  known  as 
the  Dodson  system,  comprising  two  canals  from  either  bank  of  the  stream,  heading  about  22 
miles  west  of  the  town  of  Malta.  The  various  areas  under  these  systems  are  shown  in  the 
table  on  page  — . 

WATER   SUPPLY. 

A  number  of  gaging  stations  have  been  maintained  on  Milk  River  in  the  United  States. 
The  one  at  Havre  was  established  in  1898,  and  the  one  at  Malta  in  1903.  Both  have  been 
maintained  to  date.  Stations  have  also  been  established  on  the  private  canals  near  Chinook 
and  Harlem,  Mont. 

The  following  table  shows  the  total  annual  run-off  at  Havre  and  Malta: 

Run-off  of  MUJc  River  by  years  at  Havre  and  lfa2to,  Mont. 


Year. 

Havre. 

Acre-feet.  \ 
205,146 
402,512 
111,202 

162,788 

Malta. 

1 
1 

Year. 

Havre. 

Malta. 

1806.. 

Acre-feet. 

j!  1902.... 

Acre-feet. 

426,226 

306,516 

165,214 

17,110 

Acre-feet. 

1899.. 

J    1903.... 

404,076 
280,577 

1900 

.     1904 

igoi.             

.     1905.... 

31,070 

II 

In  May,  June,  and  July,  1904,  measurements  of  ^Glk  River  in  Canada,  above  the  head  of 
the  Canadian  canal,  were  made  by  the  Alberta  Railway  and  Irrigation  Company.  These 
measurements  showed  that  the  discharge  at  that  point  was  80  per  cent  of  the  discharge  at 
Havre.  It  is  understood  that  a  regular  station  was  maintained  in  1905  on  Milk  River,  above 
the  head  of  the  Canadian  canal.  The  United  States  is  not  at  present  in  possession  of  the 
results. 

In  May,  1905,  a  station  was  established  on  the  South  Fork  of  Milk  River  on  the  Blackfeet 
Indian  Reservation  in  Montana.  The  greater  percentage  of  the  flow  of  Milk  River  at  the 
Canadian  canal  is  contributed  by  this  tributary,  but  thb  percentage  can  not  be  determined 
untU  the  Canadian  measurements  are  made  available. 

In  June,  1905,  a  series  of  measurements  were  made  on  Milk  River  from  the  head  of  the 
Canadian  canal  down  to  Havre  in  order  to  determine  the  seepage  losses,  if  possible.  This 
year  was  extremely  dry,  and  as  a  consequence  Milk  River  was  lower  than  it  had  been  for 
yeara. 
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The  following  table  shows  the  results  of  these  measurements: 

Seepage  mecutiremerUs  on  MUJc  River  in  Canada  and  Montana. 


Date. 


Location. 


Distance 
between 
points. 


DiB- 
charge. 


Gain  or  loss 
Total.      Per  mile. 


1905. 
June  0 
June  9 
June  10 
June  10 
June  10 
June  6 
June  6 
June  5 
June  5 
June    5 


CANADA. 

Canadian  headgates  near  Coutts 
Railroad  crossing,  Milk  station.. 

Logan's  ranch 

Young's  ranch 

Buckler's  ranch 

International  line,  Montana. 

Simpson's  ranch. 

Chain  Lakes  dam  site. 

Deserted  ranch 

Havre. 


Miles. 
0 
10 
16 
10 
14 
75 
15 
19 
15 
10 


Stc.-ft. 
49.0 
56.5 
51.4 
47.2 
43.9 
39.9 
37.0 
33.3 
41.6 
44.6 


8ec.-ft. 


-5.1 
-4.2 
-3.3 
-4.0 
—2.9 
-^.7 
+8.3 
3.0 


Sec.-fl. 


0.75 
-.32 
-.42 
—.24 
—.05 
-.20 


PBIVATB  CANALS  IN   CANADA. 

A  canal  completed  in  November,  1904,  heads  from  Milk  River,  in  Canada,  about  12  miles 
below  the  junction  of  North  and  South  forks  and  about  10  miles  above  the  crossing  of  the 
Alberta  Railroad.  The  dimensions  of  the  canal  are  as  follows:  Bottom  width,  25  feet; 
depth,  5  feet;  side  slopes,  li  to  1;  grade,  0.0002;  computed  dischaige,  330  second-feet. 
The  water  is  required  to  supplement  the  irrigation  system  from  St.  Mary  River,  described 
elsewhere,  and  will  irrigate  lands  lying  east  of  the  Alberta  Railroad.  Water  was  turned  into 
this  canal  for  two  days  in  November,  1904,  simply  to  test  the  canal.  On  account  of  the  low 
stage  of  ^filk  River  in  1905  no  water  was  turned  in  that  year. 

The  Canadian  irrigation  law  gives  the  minister  of  the  interior  the  power  to  permit  com- 
panies or  individuals  to  appropriate  the  waters  of  the  rivers,  and  also  provides  a  time 
allowance  in  which  the  grantee  shall  complete  his  works  and  beneficially  apply  his  water. 
In  the  case  of  Milk  River  the  Alberta  Railway  and  Irrigation  Company  has  a  right  to  500 
second-feet  of  the  low-water  flow  and  1,500  second-feet  of  the  flood  flow.  This  company 
also  has  fifteen  years  in  which  to  complete  its  development. 

PRIYATE   CANALS   IN   MONTANA. 

A  nimiber  of  canals  from  Milk  River,  in  the  vicinity  of  Harlem  and  Chinook,  have  been 
in  operation  for  several  years.  The  following  table  gives  certain  data  relative  to  them. 
The  first  five  canals  divert  directly  from  Milk  River,  and  the  five  latter  ones  from  tributaries. 
Rock  Creek  ditch  is  in  the  vicinity  of  Hinsdale. 

Private  canals  in  Milk  River  basin,  Montana. 
CANALS  DIVERTING  DIRECTLY  FROM  MILK  RIVER. 


Canal. 


Fort  Belknap 

Paradise. 

Winters-Anderson. . 

Harlem 

Indian  reservation. 


Total. 


First 
used. 


1804 
1895 
1900 
1895 
1901 


Capacity 
clawed. 


750 
50 
100 
1,250 
125 


2,275 


Capacity 
meas- 
ured. 


Sec-feet. 

130 
19 
12 
73 

125 


359 


Area         Area 
under    irrigated, 
ditch.     •    ]S04. 


Acres. 
14,632  I 
3,295  I 
1,318 
11,000 
15,000 


Acres. 

10,900 

1,400 

440 

7,820 

1,000 


45,245         21,560 


Total  discharge. 


1904. 


Acre-feet. 
16,678 
1,902 


Acre-feet. 
13,969 
1,974 


7,256 


25,836 


1905. 


5,564 
3,204 


23,711 
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CanaL 

First 
used. 

Capaoi^ 
dumed. 

Capacity 
meaa- 
ured. 

Area 
under 
ditch. 

Area 

irrigated, 

1904. 

Total  discharge. 

1904. 

1905. 

Cook  Irrigation  Co., north  fork. . 

1895 
1892 
1899 
1900 
1904 

76 
125 
100 

50 
120 

Sec-feet. 
50 
28 
13 
8 
48 

Acres. 
5.639 
2,520 
1,479 
400 
9,000 

Acres. 

2,700 

1,716 

800 

240 

Acre-feet. 

Acre-feet, 
4,628 

Matheaon  Ditch  Co., north  fork. 

2,576 

West  Fork  Ditch  Co 

Reser  ditch 

Bock  Creek  Co 

1 

1       

Total 

475 

147 

19,038 

5,455 

7,203 

A  law  suit  for  the  adjudication  of  the  water  rights  of  these  canals  and  others  in  the  Milk 
River  Valley  is  now  pending. 


CHAIN  LAKES  RESERVOIR. 


Bj  the  construction  of  a  dam  92  feet  in  height  in  Milk  River,  at  a  point  30  miles  northwest 
of  Havre,  a  reservoir  can  be  created  with  a  capacity  of  466,950  acre-feet. 
Tlie  following  table  shows  the  capacity  for  this  reservoir  for  various  heights  of  dam: 

Capacity  of  Chain  Lakes  reservoir  site. 


Contour. 

Area. 

Capacity 
of  section. 

Total 
capacity. 

Top 

leng^of 

dam. 

Feet. 
2,660 
2,670 
2,580 
2,590 
2,600 
2,610 
2,620 
2,630 
2,632 
2,640 
2,650 

Acres. 
569 
1,454 
3,271 
5,174 
6,834 
9,139 
10,801 
13,422 
13,932 
15,971 
18,359 

Acre-feet. 

Acre-feet. 

Feet. 
1,820 
1,970 
2,020 
2,060 
2,110 
2,140 
2,170 
2,210 

10,110 
23,620 
42,220 
60,040 
79,860 
100,150 
121,560 

'    10,110 
33,730 
75,060 
136,990 
215,850 
316,000 
437,560 
466,960 

146,960 
171,660 

584,520 
766,170 

2,250 
2,280 

The  dam  will  be  located  in  sec.  17,  T.  34  N.,  R.  13  E.  It  will  be  an  earth  structure  92 
feet  in  height,  with  top  length  2,250  feet,  and  slopes  3  to  1  on  the  upper  and  2  to  1  on  the 
lower  side.  The  general  elevation  of  the  river  bottom  at  this  point  is  2,555  feet,  making 
the  top  of  the  dam  an  elevation  of  2,647  feet.  The  elevation  of  the  spiUway  will  be  2,632 
feet.  The  top  width  of  the  dam  wiU  be  15  feet.  With  these  dimensions  the  total  contents 
of  the  dam  will  be  1,727,550  cubic  yards.  The  spillway  will  be  in  sec.  9,  T.  33  N.,  R.  13  E., 
at  the  lower  end  of  what  is  known  as  Chain  Lakes.  The  water  in  this  spillway  will  discharge 
into  the  river  about  8  miles  below  the  main  dam. 


CHINOOK   DIVERSIONS. 


During  1902  a  survey  of  what  is  known  as  the  Yantic  canal  was  made,  heading  on  the 
north  side  of  Milk  River,  in  sec.  36,  T.  33  N.,  R.  17  E.,  and  continuing  eastward  for  54 
miles.  In  1904  a  canal  on  the  south  side  of  the  river  was^  run  called  the  Chinook  south 
canal,  heading  in  sec  6,  T.  32  N.,  R.  20  E.,  3  miles  southeast  of  the  town  of  CSiinook.    It 
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continued  eastward  through  the  Fort  Belknap  Indian  Reservation  for  a  total  distance  of 
57  miles.  Its  length,  from  the  head  to.  the  western  edge  of  the  reservation  line,  was  15 
miles,  and  in  this  distance  it  will  cover  14,975  acres.  There  are  32,995  acres  on  the  resei^ 
vation  itself,  making  a  total  area  under  the  canal  of  47,970  acres. 

These  two  diversions  will  necessitate  two  separate  dams,  13  miles  apart,  the  one  at 
Yantic  14  feet  high  and  at  Chinook  14  feet  high.  From  a  study  of  the  detailed  maps,  it 
is  considered  best  to  abandon  the  Yantic  diversion,  and  in  its  place  to  take  a  canal  from 
the  north  end  of  the  Chinook  dam.  The  area  that  will  thus  be  omitted  is  19,500  acres. 
It  is  practically  all  served,  however,  at  present  by  the  Fort  Belknap  canal,  one  of  the 
private  canals  of  this  vicinity. 

The  dimensions  of  the  Chinook  north  canal  at  the  head  are  as  follows:  Width,  30  feet; 
depth,  6.9  feet;  side  slopes,  1.5  to  1;  grade,  0.0001;  dischai^,  515  second-feet.  The  total 
length  of  canal  is  38.1  miles,  and  the  area  covered  is  44,000  acres.  The  elevation  of  the 
bottom  of  the  canal  at  the  head  will  be  2,383  feet. 

The  Chinook  south  canal  at  the  head  will  have  the  following  dimensions:  Bottom  width, 
30  feet;  depth  of  water,  6  feet;  side  slopes,  1.5  to  1 ;  grade,  0.0002;  dischaige,  540  second- 
feet.  The  elevation  of  the  bottom  of  the  canal  at  the  head  will  be  2,384  feet.  The  diversion 
dam  will  be  of  concrete,  with  a  long  concrete  apron  at  the  lower  end.  The  elevation  of 
the  top  of  the  dam  will  be  2,390,  and  the  length  on  top  250  feet. 

DODSON   DIVERSION. 

The  general  plan  of  diversion  here  contemplates  the  construction  of  a  concrete  oveiflow 
dam,  with  a  maximum  elevation  above  the  river  of  29  feet.  Tlie  length  of  the  crest  will 
be  250  feet.  It  is  located  23  miles  west  of  Malta,  and  about  3  miles  west  of  Dodson  station, 
on  the  Great  Northern  Railroad.  The  average  depth  to  bed  rock  at  this  site  is  about  60 
feet.  The  concrete  dam  will  be  founded  on  piles,  with  a  row  of  wooden  sheet  pUing  at  the 
upper  edge  extending  down  to  bed  rock.  The  elevation  of  the  top  of  the  dam  will  be  2,285 
feet.  Water  will  be  diverted  from  either  end  of  the  dam,  the  canal  from  the  norUi  end 
being  known  as  the  Malta  north  canal,  and  from  the  south  end,  Malta  south  canal.  From 
the  south  end  of  the  dam  an  earth  embankment  6,500  feet  in  length,  and  with  a  mmximum 
height  of  15  feet,  will  have  to  be  constructed  across  the  flat  to  the  foothills  on  the  south  side. 

During  flood  stages  of  the  river  certain  private  lands  will  be  flooded  for  short  periods, 
and  it  will  therefore  be  necessary  for  the  Oovemment  to  purchase  them.  A  portkm  of  the 
track  of  the  Great  Northern  Railroad  will  have  to  be  raised. 

MALTA   NORTH  CANAL. 

From  the  north  end  of  this  dam  this  canal  will  be  diverted  to  irrigate  14,000  acres  of 
land  between  the  head  and  about  6  miles  northeast  of  Malta.  The  dimensions  at  the  head 
are  as  folbws:  15  feet  wide  on  the  bottom;  4.5  feet  depth  of  water;  side  slopes,  1.5  to  1; 
grade,  0.00025;  discharge,  200  second-feet;  length,  30  miles. 

MALTA   SOUTH   CANAL. 

The  first  design  for  this  canal  had  a  capacity  of  2,000  cubic  feet  a  second,  and  was  to  be 
used  as  a  feed  canal  to  carry  flood  waters  of  Milk  River  to  Bowdoin  reservoir.  Owing  to 
the  discovery  of  the  Chain  Lakes  reservoir,  the  Bowdoin  reservoir  has  been  abandoned 
for  the  present,  and  the  Mud  Lake  site  is  to  be  used  instead.  It  was  also  possible  to  reduce 
the  capacity  of  the  canal  to  800  cubic  feet  per  second.  Tlie  dimensions  of  the  first  section, 
extending  from  station  0  to  station  600,  are  as  follows:  Bottom  width,  27  feet;  depth  of 
water,  7  feet;  side  slopes,  1.5  to  1;  grade,  0.0003.  The  second  section,  extending  from 
station  600  to  station  2105,  will  have  the  following  dimensions:  Bottom  width,  30  feet; 
depth  of  water,  8.8  feet;  side  slopes,  1.5  to  1;  grade,  0.0001.  The  third  section,  from 
8tatk>n  2105  to  2200,  has  a  considerably  reduced  area,  on  account  of  the  heavy  cut  tiiat 
is  necessary.    The  end  of  this  section  is  at  Mud  Lake  reservoir.    The  dimensions  of  the 
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canal  are  ad  follows:  Bottom  width,  14.4  feet;  depth,  8.8  feet;  side  slopes,  1.5  to  1  below 
water  surface  and  1  to  1  above  the  water  surface;  grade,  0.00032.  The  total  length  of  the 
canal  from  the  head  to  the  Mud  Lake  reservoir  will  be  41.7  miles. 


liCTD  LAKB  RSSERVOIB. 


This  site  is  located  in  Tps.  31  and  32  N.,  Rs.  31  and  32  E.    The  capacities  to  various 
heights  are  shown  in  the  following  table: 

Capacities  of  Mud  Lake  reservoir  site. 


Contour. 

Area. 

Capacity 
of  section. 

Total 
capacity. 

Acre-feet, 

Feet, 

Acres, 

Acre-feet. 

2,180 

438 

0 

0 

2,186 

664 

2,480 

2,480 

2,igo 

830 

8,480 

6,960 

2,196 

1,143 

4,966 

10,915 

2,200 

1,778 

7,300 

18,216 

2,206 

1,084 

9,406 

27,620 

2,210 

2,646 

11,326 

38,946 

2,215 

3,638 

16,460 

64,406 

2,220 

4,424 

20,166 

74,560 

2,226 

6,247 

26,940 

101,600 

2,230 

6,870 

28,760 

130,250 

2,236 

6,383 

29,780 

160,030 

2,240 

6,842 

30,400 

190,430 

In  order  to  create  this  reservoir  it  will  be  necessary  to' build  an  embankment  15,136  feet 
long,  dimensions  of  which  are  as  follows:  Elevation  of  top,  2,245  feet;  width  on  top,  16 
feet;  uf^ier  slope,  3  to  1;  lower  slope,  2  to  1.  The  maximum  height  will  be  33  feet.  The 
total  yardage,  with  these  dimensions,  will  be  011,540  cubic  yards. 

The  elevation  of  the  water  surface  when  the  reservoir  is  filled  will  be  2,240  feet.  The 
capacity  at  this  height,  as  given  m  the  table  above,  will  be  190,430  acre-feet.  It  will  be 
necessary,  however,  to  divert  the  water  at  the  2,195-foot  elevation,  and  this  will  give  a 
capacity  of  179,515  acre-feet. 

BK8ERVOIB  CANALS. 

During  1904  surveys  were  made  for  canals  on  the  north  and  south  sides  oi  Biilk  River, 
extending  from  Bowdoin  reservoir  to  Glasgow.  With  slight  modifications  at  the  head 
these  can  be  utilized  for  canals  from  the  Mud  Lake  reservoir. 

North  reservoir  canal  will  have  at  the  head  the  following  dimensions:  Bottom  width, 
25  feet;  depth  of  water,  6  feet;  side  slopes,  1.5  to  1;  grade,  0.0003;  dischaige,  560  second- 
feet.    It  will  be  65  miles  long  and  will  cover  46,127  acres. 

South  reservoir  canal  will  have  at  the  head  the  following  dimensions:  Bottom  width, 
30  feet;  depth,  6.4  feet;  side  slopes,  1.5  to  1;  grade,  0.0002;  dischaige,  615  second-feet. 
It  will  be  84  miles  long  and  will  cover  48,370  acres. 

MARIAS  PROJECT. 

During  the  eariier  stages  of  the  investigation  the  development  of  Marias  River  was  con- 
sidered as  a  connecting  link  bet¥Feen  the  St.  Mary  basin  and  the  lower  Milk  River  Valley. 
As  a  result  of  later  surveys  it  is  now  believed  best  to  consider  the  diversions  from  Marias 
River  as  a  separate  project  not  connected  with  the  Milk  River  project. 
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STORAGE. 

During  1902  an  inyestigation  into  the  storage  possibilities  of  the  upper  Marias  badin  was 
made.  The  most  important  site  was  that  of  Two  Medicine  Lake,  which  was  surveyed  in 
detail.    The  following  table  shows  the  capacities  of  this  site  at  various  heights  of  dam: 

Capadiy  cf  Two  Medicine  Lake  reservoir  gile,  Montana. 


Ckmtoar. 

Area. 

Capacity  of 
seotions. 

Total 
capacity. 

Top  length 
of  dam. 

Feet, 

Acret. 

Acre^feet. 

Acre-feet. 

Feet. 

4,860 
4,854 

1.6 

362.6 

708 

706 

66 

4,860 

638.4 

2,673 

3,381 

172 

4,870 

722.7 

6,305 

9,688 

453 

4,880 

854.0 

7,884 

17,670 

700 

4,800 

1,004.6 

9,293 

2^,863 

900 

4,000 

1,100.8 

10,627 

37,390 

1,225 

4,910 

1,187.3 

11,441 

48,831 

1,505 

4,020 

1.200.3 

12,238 

61,009 

1,640 

4,930 

1,330.2 

12,962 

74,021 

1,940 

4,940 

1,303.1 

13,617 

87,638 

2,150 

The  total  annual  yield  of  Two  Medicine  River  will  approximate  100,000  acre-feet. 

Topographic  surveys  of  the  Marias  Canyon  were  begun  in  1902  on  a  scale  of  one-fifth  of  a 
mile  to  the  inch,  with  a  contpur  interval  of  20  feet,  extending  from  the  crossing  of  the  Great 
Northern  and  Montana  Railroad  to  the  mouth  of  Cottonwood  Creek.  During  1904,  eariy  in 
the  season,  this  woris  was  continued  by  making  a  reconnaissance  map  on  a  scale  of  2/)00  feet 
to  1  inch  of  the  river  canyon  from  Cottonwood  Creek  to  below  the  mouth  of  Black  Coulee. 
The  results  of  this  reconnaissance  showed  that  the  best  location  for  a  dam  is  in  what  is  known 
as  the  Sandstone  Canyon  of  the  Marias,  almost  exactly  on  the  range  line  between  Rs.  7 
andSE. 

The  following  table  shows  the  capacity  of  the  Marias  River  reservoir  for  different  heights 
of  dam: 

Capaeiiy  Marias  reservoir  site. 


Contour. 

Area. 

Capacity 
of  section. 

Acre^eet. 

Total 
capacity. 

Acre-^eei. 

Feet. 

Acres. 

2,710 

670 

4,850 

4,850 

2,720 

1,039 

8,645 

13,395 

2,730 

1,771 

14,050 

27,445 

2,740 

2,502 

21,365 

48310 

2,750 

3,451 

29,765 

78,675 

2,760 

4,401 

39,260 

117,835 

2,770 

5,276 

48,385 

^       166,220 

2,780 

6,150 

67,130 

223,350 

2,790 

7,293 

67,215 

290,565 

2,800 

8,436 

78,645 

369,210 

2,810 

9,646 

90,410 

459,620 

2,820 

10,857 

102,515 

562,135 

2,830 

11,987 

114,220 

676,355 

2,840 

13, 117 

125,520 

801,875 

2,850 

14,720 

130,185 

941,060 

2,860 

16,323 

155,215 

1,096.275 

2,870 

18,666 

174,895 

1,271,170 

2,880 

20,989 

198,225 

1,469,395 
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In  August  detailed  surveys  were  begun,  and  consisted  of  mapping  the  dam  site  on  a  scale 
of  100  feet  to  the  inch,  with  5-foot  contours,  and  of  the  canyon  itself  on  the  same  scale  from 
the  dam  site  to  the  divide  between  Marias  drainage  and  Big  Sandy  Creek.  Diamond-drill 
borings  were  also  taken  across  the  line  of  the  dam,  the  located  spillway,  and  the  projected 
tunnel  line.  Rock  was  found  along  the  dam  site  at  depths  of  from  15  to  20  feet.  The  for- 
mation was  rather  soft  sandstone,  suitable  for  the  foundation  for  the  core  wall.  It  would 
hardly  be  solid  enough,  however,  for  the  foundation  for  a  masonry  dam. 

EARTHEN  DAM. 

The  principal  problem  here  was  to  determine  the  height  of  a  dam  so  that  a  safe  and 
economical  canal  location  could  be  made  out  of  the  canyon.  As  at  present  contemplated, 
an  earthen  structure  195  feet  high  is  to  be  built.  The  top  length  of  the  dam  is  2,246  feet. 
With  side  slopes  of  3  to  1  upper,  and  2  to  1  lower,  the  total  contents  of  the  dam  will  be 
3,940 flOO  cubic  yards.  The  general  elevation  of  the  river  bottom  is  2,685  feet.  The  spill- 
way wiU  be  at  2,865  feet;  the  top  of  dam  at  2^80 feet.  The  storage  capacity  between  the 
2^  and  2,880  contours  is  450,730  acre-feet. 

PUMPING. 

On  account  of  the  unusual  height  of  this  dam,  195  feet,  it  being  50  feet  higher  than  any 
existing  earth  structure,  plans  have  been  considered  for  a  lower  dam,  150  feet  high,  and  for 
pimiping  the  remainder  of  the  distance,  45  feet  or  more.  *  As  the  principal  function  of  this 
dam  is  diversion  and  not  storage,  a  large  percentage  of  the  discharge  of  the  river  will  be 
wasted.  It  has,  therefore,  been  proposed  to  utilize  this  waste  water  by  developing  hydraulic 
power  for  pumping. 

Following  are  the  data  in  relation  to  this  plant:  River  elevation,  2,685;  elevation  of  top 
of  dani,  2,835;  height  of  dam,  150  feet;  elevation  of  top  of  spillway,  2,820  feet;  freeboard, 
15  feet.  The  minimum  lift  by  pump,  2,820  feet  to  2,865  feet,  will  be  45  feet.  Where  the 
natural  flow  of  the  river  does  not  supply  sufficient  water  for  the  canal  and  for  pumping,  the 
supply  of  the  stored  water  for  the  upper  20  feet  in  the  reservoir  may  be  drawn  on.  The 
maximum  lift  by  pumping  would,  therefore,  be  from  2,800  to  2,865,  or  65  feet. 

The  capacity  of  the  reservoir  at  the  2,820-foot  contour  is  572,135  acre-feet,  and  at  the 
2,800-foot  contour,  369,210  acre-feet,  the  difference  being  192,925  acre-feet. 

The  dam  to  the  2,835-foot  level,  with  slopes  of  3  to  1  on  the  upper  and  2  to  1  on  the  lower 
side,  would  contain  2,343,747  cubic  yards. 

DIVERSION  CANAL. 

The  elevation  at  the  bottom  of  the  canal  at  the  head  will  be  2,855;  the  grade  will  be 
0.00015,  or  a  fall  of  0.792  foot  to  the  mile.  The  dimensions  of  the  canal  are :  Bottom  width, 
25 feet;  depth  of  water,  lOfeet;  side  slopes,  1.5  to  1 ;  computed  discharge,  1 ,050  second-feet. 

The  canal  will  continue  down  the  left  bank  of  Marias  Canyon  and  run  near  its  top  for  9 
miles,  when  it  will  cross  Black  Coulee  and  continue  for  8  miles  farther,  cutting  through  in 
this  stretch  the  divide  between  Black  Coulee  and  Big  Sandy  drainage.  In  the  first  9-mile 
stretch  there  is  really  only  6  miles  of  steep  sidehill  construction.  The  formation  passed 
through  will  be  largely  soft  sandstone  in  horizontal  strata,  giving  a  safer  location  than  if  the 
material  were  of  clay  subject  to  sliding  when  wet. 

The  first  design  of  the  canal  provided  for  a  capacity  of  2,000  second-feet,  but  owing  to  the 
discovery  of  Lonesome  Lake  reservoir  this  capacity  was  reduced  to  1,050  second-feet. 
Twenty-two  miles  from  the  head  of  the  canal  a  lateral  would  be  taken  off  to  be  used  as  a 
feeder  for  the  Lonesome  Lake  reservoir.  From  the  head  of  this  lateral  a  high-line  canal 
would  be  continued  at  the  same  elevation  and  grade  as  the  preceding  section.  The  length 
of  this  canal  and  the  area  controlled  by  it  are  shown  in  the  table  on  page  — . 
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LONESOME  LAKE  RESERVOIR. 

In  T.  29  N.,  R.  II  and  12  £.,  there  is  a  natural  depression  known  as  Lonesome  Lake, 
which  for  the  past  two  or  three  years  has  been  dry.  This  lake  basin  was  surveyed  during 
1904  as  a  reservoir  site,  and  the  following  table  shows  its  capacities  for  different  elevations. 

Capadly  of  Lonesome  Lake  reservoir  site. 


Main  reaervol 

r. 

Total 
capacity. 

Nortl 

Con- 
tour. 

Feet. 

least  corner  additional. 

t?i-      An..    W 
*^«^-                 section. 

Area. 
Acres. 

Capac- 
ity of 
section. 

Total 
capacity. 

Feet.     Acres.  Acre-ft. 

Acre-feet. 

A  cre-ft. 

Acre^eet. 

2,745            40          115 

115 

2,760 

112 

345 

345 

2,750       1,460       3,750 

3,865 

2,765 

306 

1,045 

1,390 

2,7.55       2,504     10,136 

14,000 

2,770 

464 

1,925 

3,315 

2,760       4,280  \  17,185 

31,185 

2,776 

614 

2,695 

6,010 

2,765       6,831     25,280 

56,465 

2,780 

750 

3,410 

9,420 

2,770  1    7,607 

33,820 

00,285 

2,775 

10,312 

45,020 

136,305 

2,780 

12,411 

56,810 

192,116 

In  order  to  create  this  reservoir,  it  is  necessary  to  construct  an  earthen  dam  at  the  outlet 
in  the  NE.  J  of  sec.  34,  T.  29  N.,  R.  12  E.,  and  also  an  embankment  24,000  feet  in  length 
along  the  eastern  edge  of  the  site.  The  maximum  height  of  this  embankment  will  be  24  feet. 
The  maximum  height  of  the  dam  in  the  outlet  will  be  49  feet.  The  dimensions  of  the  dam 
and  embankment  are  as  follows:  Elevation  of  top,  2,785  feet;  top  width,  12  feet;  upper 
and  lower  slopes,  2  to  1.  The  main  outlet  will  be  930  feet  long  and  contain  74,632  cubic 
yards.  At  the  northeast  comer  of  the  reservoir  two  plans  are  possible  for  the  embankment. 
What  is  known  as  the  *' A"  line  will  be  the  shorter  of  the  two,  containing  less  material;  but 
a  greater  reservoir  capacity  will  be  obtained  by  the  construction  of  the  "B"  line.  The 
additional  capacity  under  this  line  is  9,420  acre-feet,  making  the  total  capacity  201,535 
acre-feet. 

The  embankment  that  is  conmion  to  both  lines  will  be  13,600  feet  long  and  wiU  contain 
98,712  cubic  yards.  The  '*A"  line  embankment  will  be  6,800  feet  long  and  will  contain 
191,947  cubic  yards,  making  a  total  for  the  main  line  and  **  A"  line  of  290,659  cubic  yards. 
''  B"  line  of  embankment  will  be  10,400  feet  long  and  will  contain  248,527  cubic  yards;  or, 
combining  with  the  main  line,  a  total  of  347,239  cubic  yards.  The  ''B''  line  is  thus  3,600 
feet  longer,  and  has  56,580  cubic  yards  more  material. 

RESERVOIR  CANALS. 

The  discharge  from  the  reservoir  will  be  controlled  by  gates  in  an  outlet  tower.  The  water 
will  issue  at  an  elevation  of  2,750  feet,  and  continue  down  the  natural  channel  for  3  miles, 
or  to  an  elevation  of  2,691  feet,  when  the  west  and  east  reservoir  canals  wUl  be  diverted. 

These  canals  will  be  of  the  same  dimensions  at  the  head,  as  follows:  Bottom  width,  20 
feet;  depth  of  water, 6.2  feet;  grade,  .0002;  discharge,  400  second-feet.  The  west  reservoir 
canal  will  be  60  miles  long  and  will  c-ontrol  30,160  acres,  and  the  east  canal  will  be  38  miles 
long  and  will  serve  33,740  acres. 

liOWER  YBTiliOWSTONE  PROJECT.a 

GENERAL  STATEMENT. 

This  project  includes  about  70,000  acres  along  the  left  or  west  side  of  Yellowstone 
River,  extending  from  a  point  about  20  miles  below  Glendive  to  the  junction  of  the  Yel- 
lowstone and  Missouri  rivers.    The  plans  for  the  development  of  this  work  contemplate 


a  From  report  by  F.  E.  Weymouth. 
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the  construction  of  a  diversion  dam  across  the  Yellowstone  River  and  a  main  canal  67 
mOes  long,  with  a  suitable  lateral  and  distribution  system.     (See  PI.  XXI.) 

Preliminaiy  investigations  of  this  project  were  made  during  the  field  season  of  1904. 
The  results  of  these  investigations  and  a  general  description  of  the  project  are  described 
under  the  heading  **  Fort  Buford  project "  in  the  Third  Annual  Report  of  the  Reclamation 
Service,  second  edition,  pages  432-439. 

The  construction  work  on  this  project  is  proQBeding  rapidly  and  satisfactorily.  Build- 
ings to  serve  for  headquarters  have  been  erected  at  La  Mesa  and  at  the  headworks  site. 
The  engineering  work  has  been  carried  forward  to  keep  pace  with  the  requirements  and 
the  organization  of  the  Water  Users*  Association  perfected. 

The  irrigable  lands  have  been  mapped  on  a  scale  of  1,000  feet  to  an  inch,  with  5-foot 
contour  intervals,  and  have  been  classified  by  the  engineer  of  soils  preparatory  to  the 
subdivision  into  farm  units. 

MAIN  CANAL  AND  LATERALS. 

During  the  winter  of  1904-5  contract  plans  for  the  first  34  miles  of  main  canal  were 
woriced  up,  including  the  headworks,  spillways,  sluiceways,  conduits,  and  other  structures. 
(See  Pis.  XXII-XXV.)  These  plans  were  passed  upon  and  approved  in  March,  1905,  by 
a  board  of  consulting  engineers,  consisting  of  Messrs.  J.  H.  Quinton,  A.  J.  Wiley,  and  H.  N. 
Savage.  The  work  was  advertised  on  April  3,  and  bids  were  opened  at  Qlendive,  Mont., 
June  1.  Contract^  have  been  awarded  as  follows:  Schedule  A,  division  1  (about  7}  miles 
of  canal),  to  The  Widell-Finley  Company,  of  Mankato,  Minn;  schedule  A,  divisions  2, 3,  and 
4  (about  26}  miles  of  canal),  to  Callahan  Bros,  and  Phelan  &  Shirley,  of  Omaha,  Nebr.; 
schedule  B,  divisions  1,  2,  and  3,  to  Charles  Stabem,  of  Helena,  Mont.;  and  schedule  B, 
division  4,  to  the  Deadwood  Construction  Company,  of  Deadwood,  S.  Dak.  These  con- 
tracts have  been  executed  as  follows:  The  Widell-Finley  Company,  on  August  16,  1905; 
Callahan  Bros,  and  Phelan  &  Shirley,  on  August  17, 1905;  Charles  Stabem,  on  August  5, 
1905;  and  Deadwood  Construction  Company,  on  August  1,  1905.  In  each  case  contract 
was  executed  with  the  lowest  bidder. 
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Bids  were  opened  November  15  for  enrthworic  on  the  remainder  of  the-  mam  canai  and 
for  74  miles  of  laterals. 


Bids  for  main  canal  and  lateral  system,  Lower  Ydlowstone  project,  MontanarNoHh  Dakota. 

DIVISION  NO.  5. 


Kind  of  work. 

Quan- 
tity,in 
cubic 
yards. 

WIdeU-PInleyCo., 
liankato,  Minn. 

Nels  L.  Olsen, 
Butte,  Mont. 

LambA  Frye, 
01endive,Moni. 

Nohle  <&  Mann, 
Buford,N.Dak. 

UgJ  1  Amount. 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Unit 
price. 

AOMMm^. 

Excavation: 
Class  1 

002,000 
120,000 

laioQ 

$101,738.00 
3A.nnn.nn 

iai75 
.33 

$105,350.00 
.v.fionnn 

1 

1 

Class  2. 

1 

Class  3 

'        1       '           ' 

100       .50    1            .VLOO 

.50    '           50.00 
2.00    1           20.00 

1 

Class  4 

10 

140,000 

3,000 

L50    1            15.00 
.015        2,100.00 
.50          1,500.00 

1 

Oveiiiaul 

1 

.015      2,ioaoo 

.75          2,250.00 

Puddling 

Total 

141,403.00 

140,37a  00 

1            i 

DIVISION  NO.  6. 


Excavation: 
Class  1 

272,000 

100 

100 

10 

75,000 

2,000 

10.168 
.30 
.50 
1.50 
.015 
.50 

$45,eoaoo 
3a  00 
5a  00 

15.00 
1,125.00 

i,ooaoo 

10.140 
.50 
.50 
2.00 
.015 
.75 

$40,628.00 
5a  00 
50.00 

2a  00 

1,125.00 
1,500.00 

Class  2 

Class  3 

Class  4 

1          1 

Overbaul 

i                '          ! 

Puddling 

1                t          1 

Total 

47,916.00 

43,27a  00 

1                1          1 

1                1          1 

DIVISION  NO.  7. 


Excavation: 
Class  1 

44,600 

200 

200 

10 

1,000 

200 

$0,166 
.30 
.50 
1.50 
.016 
.50 

$7,36a00 
60.00 

loaoo 

15.00 
15.00 

loaoo 

Class  2 

1 

aass3 

1 

Class  4 

1 

1 

Overbaul 

.     1      1 

Puddling 

1            -       ' 

i                                       1 

Total 

«7,64a00 

. .  1          1 . . 

*   '1          1      i          1     ' 

DIVISION  NO.  8. 


Excavation: 

38,000 

1,000 

1,000 

20 

1,600 

200 

$0,162 
.30 
.50 
1.50 
.016 
.50 

$6,166.00 

3oaoo 

5oaoo 

3a  00 

$0.12 
.22 
.38 

1.55 
.015 

1.13 

$4,560.00 

220.00 

38a  00 

31.00 

22.50 

226.00 

Qas6  2 

Class  3 

Class  4 

Oveiteul 

22.50 

loaoo 

Puddling 



Total 

a7,108.50 

5,4aa6a 

•  Conditioned  upon  the  award  of  Divisions  6  and  a 
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FOURTH   ANNUAL   REPORT   OF   RECLAMATION   SERVICE. 


Bids  for  main  canal  and  lateral  system,  Lower  Teliowstone  project,  MonUuui'Norih  Dakota — 

Continued. 


DIVISION  NO.  9. 


Kind  of  work. 

Quan- 
tity, in 
cubic 
yards. 

Widell-FinleyCo.,       Nels  L.  Olsen, 
Majilcato,  Minn.          Butte,  Mont. 

Lamb  &  Frye, 
OIendive,Mont. 

Nohle<&l£aim, 
Buford,N.  I>aJc 

Unit 
price. 

A-o-^t.  '^X. 

Amount. 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Excavation: 
Class  1 

30,000 

2,500 

2,500 

50 

2.000 

10.16 
.30 
.50 
1.50 
.015 
.50 

\ 
$4,800.00    

Class  2 

750.00    

Class  3 

1,250.00    

Class  4 

75.00    

1 

Oveiiiaul 

30.00  ' 

1 

Puddling 200 

100.00  ' 

! 

! 

-      Total 

07,005.00    1 



1 

1             1 

LATERALS  A  AND  B. 


Excavation: 
Classl 

23,300 
100 
100 
10 
500 
100 

$0.10 
.30 
.50 
1.50 
.015 
.50 

$3,728.00 
30.00 

saoo 

15.00 

7.50 

50.00 

Class  2 

i 

Class  3 

1 

Class  4 

1                   ! 

Oveiiiaul 

1                   ' 

Puddling 

:::::::::::::::::::i:::::::l;:::;:;::: 

Total 

a  3,880. 50 

1 1 1 1 

1 

LATERAL  C. 


Excavation: 

Class  1.. 

Class  2. . 

Class  3. . 

Class  4.. 
Oveiiiaul — 
Puddling... 


Total. 


27,800 

$0.16 

100 

.30 

100 

.50 

10 

1.50 

1,000 

.015 

200 

.50 

$4,448.00 
30.00 
50.00 
15.00 
15.00 
100.00 


a4,658.00  ! 


I 


J I. 


LATERALS  D  AND  E. 


Excavation: 
Class  1 

46,800 

100 

100 

10 

2,000 

200 

$0.16 
.30 
.50 
1.50 
.015 
.50 

$7,488.00 
30.00 
50.00 
15.00 
30.00 
100.00 

Class  2 

Class  3 

Class4 

Overhaul 

Puddling 

' 

Total. 

a  7,713. 00 

1             1 

1 

1                      ,             1 

a  Conditional  upon  the  award  of  Divisions  6  and  6. 
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Bids  for  main  canal  and  lateral  system,  Lotver  Yellowstone  project,  Montana-Norih  Dakota- 

Continued. 


LATERAL  F. 


Kind  ol  work. 

Quan- 
tity, In 
cubic 
yards. 

Widell-Flnley  Co., 
Mankato,  Minn. 

Nels  L.  Olsen, 
Butte,  Mont. 

Lamb  &  Frye. 
Glendlve,Mont. 

NoUe  <Sc  Mann, 
Buford,N.Dak. 

Unit 
price. 

Amount. 

^^^}  Ar^ount. 

Unit 
price. 

$0.13 

Amount. 

Unit 
price. 

Amount. 

Excavation: 
Class  1 

93,600 

200 

200 

10 

4,000 

300 

$0.16 
.30 
.50 
1.50 
.016 
.50 

$14,97&00 
60.00 

. 

112.168.00 

Class  2 

1 

.20               40.00 
.35    1           70.00 
1.60    1           16.00 
.015             60.00 

Class  3 

100.00 
15.00 
60.00 

1 

Class  4 

Overhaul  . 

Puddling 

150.00 

1 

1.15    ,          345.00 

1 

Total... 

al6,36L00 

12,699.00 

LATERALS  Fa  AND  G. 


Excavation: 
Class  1 

48,300 

100 

100 

10 

1,000 

200 

$0.16 
.30 
.60 
L60 
.015 
.50 

$7,728.00 
30.00 
60.00 
15.00 
15.00 
100.00 

!           ! 

Class  2 

1 

1 

Class  4 

Overhaul 

, 

Puddling 

: 1 

1 1 1 1 

Total.. 

a  7,938. 00 

' 

1         1 

r        ■     1 

LATERALS  I,  J,  Ja,  AND  Jb. 


Class  1 

32,300 

100 

100 

10 

1,000 

200 

$0.16 
.30 
.50 
1.50 
.015 
.50 

$5,168.00 
30.00 
60.00 
15.00 
15.00 
100.00 

Class  2 

1 

Class  3 

i 

Class  4 

Overhaul 

Puddling 

Total 

a  5, 37a  00 

1 ; 

LATERAL  K. 


Excavation: 
Class  1 

57,100 

200 

200 

10 

1,600 

200 

$0.16 
.30 
.50 
L50 
.015 
.50 

$9,136.00 
60.00 

100.00 
15.00 
22.60 

100.00 

Class  3 

Class  4 



t 

OvAliLAtll 

' 

Puddling 

Total 

a9,433.60 

, 

. 
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FOURTH   ANNUAL   REPORT   OF   RECLAMATION   SERVICE. 


Bids  for  main  canal  and  lateral  system  ^  Loiter  Yellowstone  project  y  MontanorNorth  Dakota — 

Contmue<). 


LATERAL  L. 


Kind  of  work. 

Quan- 
tity, In 
cubic 
yards. 

Wldell-Finley  Co., ,      Nels  L.  Olaen, 
Mankato,  Minn.    |      Butte,Mont. 

01endive,Mont. 

Nohle  <b  Mann, 
Buford,N.Dak. 

Unit 
price. 

$0.16 
.30 
.50 
1.50 
.016 
.50 

Amount. 
$4,768.00 

JifJ?  i   Amount, 
price.  1 

pX     Amount. 

Unit 
price. 

Amount. 

Excavation: 

Class  1 29,800 

Class  2 100 

.    1 
1 

30.00 
50.00 
16.00 
16.00 
100.00 

1 

Class  3          '          inn 

1 

Class  4 

10 

1,000 

200 

1                     i            1 

Overhaul 

1                                                     1 

Puddling 

i                    1                                 ' 

1 

Total 

0  4,978.00 

1 

1                                       1 

1 

, 

;            1       : 

LATERAL  M. 


Excavation: 
Class  1 

28,800 
100 
100 

$0.16 
.30 

$4,608.00 
30.00 
50.00 
15.00 

Class  2 

1               i 

Class  3 

Class  4 

1     " 

10     1-60 

1 



Overhaul 

1,000 
200 

.015 
.50 

15.00 
100.00 

1 

Puddling 

Total 

0  4,818.00 

1 ! 

1 

1         1 

. 

LATERAL  N. 


Excavation: 
Class  1 

36,800 
100 

$0.16 

$5,888.00    

$ai5 

$5,52a00 
2S.0O 

Class  2 

30.00 : 

.25 
.60 
LOO 
.015 
.50 

Class  3 

100       .50 

10     1.60 

1,500       .015 

200       An 

60.00    t 

50.00 

Class  4 

15.00    1 

laoo 

Overbaul 

22.50    1 

22:50 

Puddling.. 

100.00     i  

100.00 

) 

Total 

0  6,105.50    

5,727.50 

LATERALS  O  AND  P. 


Excavation: 
Class  1 

46,100 

200 

200 

10 

1,600 

200 

$0.16 
.30 
.50 
1.50 
.016 
.50 

$7,216.00 
60.00 

loaoo 

15.00 
22.50 
100.00 

$0,128 
.20 
.38 

LOO 
.015 

L55 

$5,772.80 
40.00 
76.00 
l&OO 
22.50 

siaoo 

$0.16 
.25 
.80 
LOO 
.015 
.50 

$7,21&00 

5a  00 

Class  2 

1 

Class  3 

' 

16a  00 

Class  4 

laoo 

Overhaul 

22.50 

Puddling 

loaoo 

Total 

0  7,513.50 

6,237.30 

7,fi5&50 

i 

a  Conditional  upon  the  award  of  Divisions  5  and  6. 
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TELEPHONE  LINE. 

On  April  27, 1905,  bids  were  asked  for  70  miles  of  telephone  line  for  this  project,  and  bids 
were  opened  on  June  1.  Elmer  A.  Hess,  of  Lyons,  Iowa,  beiiig  the  lowest  bidder,  contract 
was  entered  into  with  him  on  August  16. 

Schedule  of  bids  for  tdepfume  line,  Lower  TeUomHone  project. 


Section  1(35  miles). 

Section  2  (35  miles). 

Sections. 

Section  4. 

Bidder's  name. 

Price 
per 
mile. 

Amount. 

Price 
per 

Amount. 

Amount. 

Amount. 

Total. 

Elmer  A.  Hess,  Lyons,  Iowa. . 

Wm.    F.    Jordan,    Olendlye, 
Mont 

1217.08 
242.00 
240.00 
264.50 
335.00 

17,607.80 
8,470.00 
8,715.00 
0,257.50 

11,726.00 

1207.10 
239.00 
257.00 
264.60 
335.00 

17,261.65 
8,365.00 
8,995.00 
0,257.50 

11,725.00 

$45.00 
72.00 
60.00 
60.00 

140.00 

$45.00 
79.00 
70.00 
60.00 

120.00 

$14,939.45 
16,986.00 

Prank  C.  Hiurhes.  Olendive, 
Mont...    . 

17,840.00 

W.  H.  Cromb  &  Co..  Chieago, 
lU 77.,.. 

18,615.00 

Burrell     Constraction     Co., 
Portland,  Greg 

23,710.00 

Commencement  and  completion  of  work. 

Bidder's  name. 

Sections  1  and  3. 

Sections  2  and  4. 

Sections  1,2, 3,  and  4. 

Begin 
witSn— 

Complete 
withln- 

Begin 
witWn— 

C<»nplete 
witlOn— 

BegUi 
wltSn- 

Complete 
witMn- 

Ebner  A.  Hess.  Lyons,  Iowa . . 

Wm.  F.  Jordan,  aiendlYe,Mont 

Frank  C.  Hogtaes,  Olendive. 
Mont. 

W.  H.  Crumb  &  Co.,  Chicago, 
lU. 

Bunell  Construction  Co.,  Port- 
land, Ong. 

15  days... 
7days.... 
30  days... 

30daya... 

30  days... 

50  days... 
65  days... 
110  days . . 

90  days... 

8ept.l.... 

30  days... 
7  days.... 
30  days... 

30  days... 

30  days... 

90  days... 
65  days . . . 
110  days.. 

90  days... 

Oct.  L.... 

15  days... 
7days.... 
30  days . . . 

30  days . . . 

15  days... 

90  days. 
65  days. 
110  days. 

120  days. 

Oct.  1. 

TELEPHONES  TO  BE  USED. 


Elmer  A.  Hess. 


Wm.  F.  Jor- 
dan. 


Frank  C. 
Hngbes. 


W.  H.  Crumb  &  Co. 


Burrell  Construction 
Co. 


Kell(M[g  Switchboard 
and^Suf^ly  Co.'s 
telephones. 


Not  stated... 


Not  stated . 


Kellogg  Switchboard 
anOSupply  Co.'s. 
Strombeig-Carlson 
Telephone  Manu- 
facturing Co.'s,  or 
American  Electric 
Telei^one  Co.'s  tel- 
ephones. 


Stromberg-  Carlson 
Telepbone  Manufac- 
turing Co.'s,  or  Kel- 
logg Switchboard 
Koa  Si^^ply  Co.'s 
telephones. 
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CEMENT. 

On  July  31  bids  were  received  for  furnishing  12,000  to  16,000  barrels  of  cement  to  be 
used  on  construction  work.  The  lowest  bidder  was  the  lUinois  Steel  Company,  with 
which  contract  was  entered  into  on  August  16, 1905.  The  following  is  an  abstract  of  the 
bids  received: 

Bids  for  cement,  Lower  YeUowdone  projed. 


Address. 

Price  per  barrel. 

Total. 

Name  of  bidder. 

At 
works. 

At  Glen- 
dive. 

At  works. 

At  Glen- 
dive. 

Illinois  Steel  Co 

1067   The   Rookery.   Chi- 
cago, 111. 

410  Pioneer  Press  Build- 
ing, St.  Paul.  Minn. 

30  Broad  street.  New  York, 
N.Y. 

$1.00 
1.37 

12.82 

a3.29 

2.97 

$12,000.00 
16,400.00 

$33,840.00 
30,480.00 
35,640.00 

Alpha  Portland  Cement  Co. . 
Atlas  Portland  Cement  Co.  t>. 

a  An  interlineation  states  that  the  price  includes  40  cents  per  barrel  for  sacks,  and  that  this  amoont 
will  be  refunded  on  return  of  sacks  in  good  condition  to  Duluth.  Minn.,  freight  prepaid,  and  that  the 
delivered  price  is  baaed  on  regular  tariff  rates  at  40  cents  per  100  pounds. 

ft  Letter  accompanying  bid  states  that  shipment  can  be  made  only  during  period  of  open  navigation 
on  Lakes;  also  that  inspection  of  manufacture  and  daily  laboratory  analysis  can  not  be  permitted,  as 
required  by  specifications. 

LOWER  YELLOWSTONE   DAM. 

Bids  are  to  be  opened  December  5,  1905,  for  a  rock-filled,  timber-cribbed  dam  across 
the  Yellowstone  River  at  the  headworks  of  the  canal,  about  18  miles  northeast  of  Glendive, 
Mont. 

RAILROAD   LANDS. 

The  Northern  Pacific  Railway  Company,  before  building,  was  granted  by  the  National 
Government  all  odd  sections  in  a  strip  of  land  40  miles  each  side  of  its  line,  with  a  10-mile 
indemnity  strip  on  each  side  of  the  40-mile  strip  through  Montana;  consequently  the 
company  owns  a  large  amount  of  land  in  this  project.  This  land  is  held  under  the  name 
of  the  Northwestern  Improvement  Company.  Arrangements  have  been  made  between 
the  Reclamation  Service  and  the  Northern  Pacific  Railway  Company  whereby  their  unsold 
lands  within  the  project  will  be  sold  at  $2.50  per  acre  and  only  to  those  who  are  eligible 
for  a  water  right.  The  purchaser  will  also  be  governed  by  the  rules  and  regulations  of 
the  Reclamation  Service  and  can  not  obtain  title  to  the  land  until  payment  for  water 
right  is  completed.  Following  is  form  of  contract  which  the  railway  company  will  execute 
with  all  purchasers  of  its  lands  within  the  Lower  Yellowstone  project: 

This  agreement,  made  this day  of ,  between  Nobthwestkrn  Impbovbment  Company,  a 

corporation  duly  incorporated  under  the  laws  of  the  State  of  New  Jersey,  party  of  the  first  part,  and 

,  of ,  in  the  county  of and  State  of party  of  the  second  part,  wit- 

nesseth: 

The  party  of  the  first  part,  in  consideration  of  the  sum  of dollars,  to  be  paid  as  hereinafter 

agreed,  and  of  the  faithful  performance  of  the  covenants,  agreements,  and  conditions  hereinafter 
expressed  on  the  part  of  the  party  of  the  second  part,  agrees  to  sell  to  the  party  of  the  second  ptrt 

the  parcel. .  of  land  situate  and  being  in  the  county  of and  State  of ,  described  as  follows, 

to  wit: t 

of  section  number in  township  number north,  of  range  number ,  of  the prindpal 

meridian,  containing acres,  more  or  less,  according  to  the  United  States  Qovemment  survey* 

together  with  the  hereditaments  and  appurtenances  thereunto  belonging,  subject,  however,  to  •& 
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easement  in  the  public  for  any  public  road  or  roads  heretofore  laid  out  or  established,  and  now  exist- 
ing, over  and  across  any  part  of  said  described  lands;  but  excepting  from  said  lands  such  part  thereof 
for  canal  right  of  way  and  other  irrigation  works  as  the  United  States  Reclamation  Service  may  deter- 
mine to  be  necessary  in  connection  with  the  construction,  maintenance,  and  operation  of  the 

system  already  constructed  or  about  to  be  constructed  by  the  United  States  under  the  act  of  Congress 
approved  Jane  17th,  1903. 

Tlie  party  of  the  second  part  covenants  and  agrees  to  purchase  of  the  party  of  the  first  part  the 

above-deaeiibed  lands  and  to  pay  therefor  the  sum  oi dollars,  with  Interest  at  six  per  cent  per 

annum,  in  the  manner  following,  that  is  to  say:  The  sum  of at  or  before  the  execution  of  this 

contract,  the  receipt  of  which  is  hereby  acknowledged: 

The  sum  of  $ principal,  $ interest,  on  the day  of ,  A.  D ,  payable  at  the  office 

of  the  treasurer  of  said  first  party. 

In  case  the  party  of  the  second  part  shall  fail  to  pay  when  due  any  installment  of  principal  or  inter- 
est specified  above,  or  to  pay  any  taxes  or  assessments  before  the  date  when  the  same  shall  become 
delinquent,  or  shall  be  in  default  in  respect  of  any  other  condition  of  this  agreement,  then  the  whole 
amount  of  principal  unpaid  shall,  at  the  option  of  the  party  of  the  first  part,  become  due  and  payable 
forthwith  without  notice.    The  party  of  the  second  part  covenants  and  agrees,  within  ninety  (00) 

days  from  the  date  hereof,  to  become  a  member  of  the Water  Users'  Association,  a  corporation 

organised  under  the  laws  of  Montana,  and  to  acquire  or  apply  to  the  United  States  for  a  water  right 
under  said  act  of  Congress  approved  June  17th,  1002,*for  all  the  land  included  in  this  contract,  which 

said  United  States  shall  determine  can  be  irrigated  from  the ,  and  thereafter  to  continue 

a  member  of  said  Water  Users'  Association  and  to  comply  with  all  the  requirements  of  the  United 
States  with  regard  to  such  water  right.  If  the  second  party  shall,  from  any  cause  whatsoever,  fail  to 
become  a  member  of  said  Water  Users'  Association  within  the  period  above  stated,  or  shall  fall  to 
acquire  or  contract  to  acquire  such  water  right  within  such  period  (or  within  ninety  days  after  public 
notice  has  been  given  by  the  United  States  that  applications  for  such  water  rights  may  be  made,  if 
such  notice  has  not  heretofore  been  given),  then  the  party  of  the  firat  part  will  repay  to  the  party 
of  the  second  part  all  moneys  received  by  it  hereunder,  but  without  interest  thereon;  and  thereupon 
this  contract  shall  become  null  and  void  and  all  rights  of  the  party  of  the  second  part  thereunder  shall 
oeaseand  determine. 

If  the  party  of  the  second  part,  after  becoming  a  member  of  said  Water  Usere'  Association  or  after 
contracting  to  acquire  such  water  right,  shall,  by  his  default,  lose  such  membership  or  forfeit  such 
water  right,  then  this  contract  shall  become  null  and  void  and  all  right  of  the  party  of  the  second  part 
hereunder  shall  cease  and  determine  and  he  shall  forfeit  all  payments  made  hereunder. 

TbB  party  of  the  second  part  covenants  and  agrees  that  so  long  as  this  contract  remains  in  force  he 
will,  before  the  same  become  delinquent  according  to  law,  pay  all  taxes  and  assessments,  ordinary 
and  extraordinary,  that  may  be  levied  or  assessed  or  that  may  become  chargeable  on  said  premises, 
and  that  no  buildings  or  improvements  now  on  said  land,  or  that  shall  hereafter  be  placed  thereon, 
shaU  be  removed  therefrom,  but  they  shall  be  and  remain  the  property  of  the  party  of  the  first  part 
mitil  this  contract  shall  be  fully  performed  by  the  party  of  the  second  part.  Should  default  be  made 
in  payment  of  the  principal  or  interest  aforesaid,  or  in  the  payment  of  the  taxes  or  assessments  upon 
said  land,  or  in  the  performance  of  any  covenant  herein  contained,  then  and  in  such  case  this  agree- 
ment, at  the  option  of  said  party  of  the  firat  part,  shall  be  null  and  void,  and  all  payments  that  shall 
have  been  made,  and  all  buildings  and  improvements  on  said  land,  shall  be  and  forever  remain  the 
absolute  property  of  the  party  of  first  part,  it  being  expressly  underatood  and  agreed  that  time  is  of 
the  essence  of  this  contract. 

Upon  full  and  prompt  performance  by  the  party  of  the  second  part  of  each  and  every  the  said  cove- 
nants and  agreements  by  him  to  be  performed,  and  when,  and  not  before,  the  second  party  has  acquired 
full  title  from  the  United  States  to  a  water  right  to  all  of  the  land  included  in  this  contract  which  can 

be  irrigated  from  the ,  the  party  of  the  first  part  will  execute  and  deliver  to  the  said  party 

of  the  second  part  a  deed  of  conveyance  of  the  said  land  upon  surrender  and  delivery  to  the  party  of 
the  fljrst  part  of  this  paper. 

Notice  of  the  cancellation  of  this  contract  for  any  breach  thereof,  or  notice  of  the  exercise  of  any 
other  light  reserved  to  the  firat  party  herein  where  this  contract  requires  notice,  shall  be  addressed 
to  the  party  of  the  second  part,  directed  to  the  post-office  named  below,  and  deposited  In  a  United 
States  post-office,  which  shall  constitute  a  good  and  sufficient  notice  and  service  thereof. 

No  assignment  or  transfer  of  any  interest  in  this  agreement  or  said  premises  less  than  the  whole 
will  be  recognized  by  said  party  of  the  firat  part  under  any  circumstances  or  in  any  event  whatever, 
and  no  assignment  shall  be  binding  upon  the  company  unless  approved  by  its  land  commissioner;  and 
no  assignment  or  transfer  of  any  interest  in  this  contract  or  in  said  premises  will  be  recognised,  ac- 
cepted, or  approved  unless  accompanied  by  an  assignment  of  the  water  rlg^t  appurtenant  thereto, 
duly  approved  by  the  proper  officer  of  the  United  States,  running  to  the  same  person  to  whom  assign- 
ment of  this  contract  may  be  made. 

Except  as  herein  otherwise  provided  this  contract  shall  bind  and  inure  to  the  benefit  of  the  ressw^* 
tlve  heln,  representatives,  suocessora,  and  assigns  of  both  parties. 
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In  witness  whereof  the  party  of  the  first  part,  by  its  land  commissioner,  and  the  party  of  the  second 
part  have  hereunto  subscribed  their  names  in  duplicate  the  day  and  year  first  above  wrltt^i. 
Lines  numbered stricken  out  before  the  execution  hereof. 

NOBTHWEfiTERN  IMPBOVXMSNT  COMPANY, 

Attert:  ,  By , 

Chief  Clerk.  Land  CommUHomr. 

Witnesses  to  signature  of  purchaser:  ,  Purdiater. 

(Two  witnesses  required.)  ,  Pwrcluuer. 

Post-offlce  address: 

Countyof 

N.  B.— This  contract  can  not  be  signed  by  another  for  the  purchaser  excepting  under  a  properly 
executed  power  of  attorney,  which  must  accompany  the  contract.  In  cases  where  purchaser  can  not 
write  his  name,  his  execution  of  the  contract  by  making  his  mark  must  be  acknowledged  before  a 
notary  public  under  seal. 

WATER  USERS'  ASSOCIATION. 

During  the  fall  and  winter  of  1904  and  winter  of  1905,  a  water  users'  association  was 
formed  under  the  name  of  the  Lower  Yellowstone  Water  Users'  Association,  and  practi- 
cally all  the  land  under  the  canal  was  brought  into  the  association.  Although  the  people 
were  very  enthusiastic  regarding  the  matter  of  obtaining  water  for  their  lands,  the' work  of 
organizing  was  very  difficult,  since  the  people  are  so  widely  scattered.  Considerable  diffi- 
culty was  also  found  in  making  the  articles  of  incorporation  conform  to  the  State  laws  of 
Montana.  The  association  completed  its  organization  and  entered  into  a  contract  witJi 
the  Secretary  of  the  Interior  on  May  31,  1905,  authorizing  the  Secretaiy  of  the  Interior  to 
build  the  project.  The  articles  of  incorporation,  contract,  agreement,  and  by-laws  are  in 
general  in  accordance  with  the  standard  form  of  the  Reclamation  Service. 

OPERATIONS  IN  1905. 

Elarly  in  April  the  engineering  force  was  transferred  from  the  Denver  office  to  the  field. 
Buildings  to  serve  for  headquarters  were  at  once  erected  at  La  Mesa,  about  14  miles  from 
the  headworks.  These  buildings  consist  of  a  general  office  building,  mess  house,  dormi- 
tories, project  engineer's  house,  stable,  and  necessary  storehouses,  sheds,  etc.  These  build- 
ings, although  temporary  in  character,  were  built  in  such  a  manner  that  they  can  be  used 
throu^out  the  year.  A  permanent  building  was  erected  at  the  headworks  for  use  as  an 
office  building  that  will  serve  as  a  house  for  the  gatekeeper  when  the  project  is  completed. 
A  stable  and  bunk  house  have  also  been  erected  at  the  headworks,  as  construction  work 
will  continue  there  for  about  two  years. 

The  first  34  miles  of  main  canal  have  been  cross  sectioned  and  revised.  Thirty-three 
more  miles  of  main  canal  and  the  lateral  system  have  been  located  on  the  ground,  as  weU 
as  a  system  of  waste  ditches.  In  the  office,  plans  and  specifications  for  the  Lower  Yellow- 
stone dam  were  worked  up,  as  well  as  plans  and  specifications  for  33  more  miles  of  main 
canal  and  74  miles  of  laterals,  together  with  structures  for  same. 

EXPENDITURES. 

The  expenditures  on  the  Lower  Yellowstone  project  to  September  30,  1905,  were  aa 
follows: 

Expenditures  on  Louxr  TdUmeUme  projed  to  September  SO,  1906. 

Main  canal  atniotures: 

ChariesStabem $783.94 

Deadwood  Construction  Company 389. 90 

$1,173,84 

Telephone  line,  E.  A.  Hess 2,179.5a 

Preliminary  examination 17, 101. 00 

Final  surveys 28,824.05 

Engineering 17, 383. 00 

Administration 20,861.22 

Total 87,522.64 
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HUNTIiBY  PROJECT. 

LOCATION. 

The  laads  under  the  Huntley  project  are  situated  in  the  Yellowstone  Valley  and  extend 
ill  a  compact  body  from  Huntley  to  Bull  Mountain  station  on  the  Northern  Pacific  Rail- 
way. The  lands  lie  south  of  the  Yellowstone  River,  at  an  altitude  of  about  3,000  feet 
above  sea  level,  within  the  ceded  strip  of  the  Crow  Indian  Reservation,  which  will  be  opened 
to  settlement  under  the  provisions  of  the  act  of  Congress  approved  April  27,  1904.  Bil- 
lings is  the  general  supply  point  for  this  country  and  is  about  13  miles  from  Huntley  by 
railroad.  Huntley  is  at  the  junction  of  the  Burlington  and  Northern  Pacific  railways, 
and  a  Oovemment  town  site  will  be  laid  out  there,  as  well  as  at  several  other  points  within 
the  tract.  Plate  XXVI  shows  the  general  position  of  the  towns  and  railroads  with  raference 
to  the  irrigable  lands  and  main  canal. 

GENERAL  DESCRIPTION. 

The  Huntley  project  was  outlined  during  the  season  of  1904,  when  a  preliminary  survey 
was  made  and  a  gaging  station  established  on  the  Yellowstone  River  near  Billings.  The 
surveys  were  worked  up  during  the  following  winter,  and  plans  were  made  for  the  irriga- 
tion of  from  30,000  to  3-^,000  acres  of  land.  The  size  and  elevation  of  a  main  canal  were 
decided  on,  and  a  paper  location  of  the  canal  line  was  made.  The  first  2  milee  of  the  line 
had  to  be  located  along  the  Huntley  Bluffs,  adjacent  to  the  Northern  Pacific  Railway 
tracks.  It  was  found  desirable  to  carry  the  canal  on  the  south  side  of  the  railway  and 
away  from  the  river,  this  necessitating  three  tunnels.  The  length  of  the  tunnels  are  as 
follows:  No.  1,  600  feet  long.  No.  2,  1,550  feet  long,  and  No.  3,  390  feet  long,  making  an 
aggregate  length  of  2,540  feet.  The  tunnels  are  9.2  feet  wide  and  about  9  feet  high  at  the 
center  of  the  arch.  They  will  be  driven  through  a  rather  soft  sandstone,  and  the  finished 
tunnel  will  have  a  lining  of  concrete  from  6  to  12  inches  thick.  At  Pryor  Creek  there  will 
be  a  cut-off  and  a  grade  crossing  (PI.  XXXI).  The  designs  for  all  the  structures  have 
been  gone  over  and  working  drawings  made.  All  of  the  structures  on  the  main  canal 
(Pis.  XXVII  and  XXVHI)  are  to  be  of  concrete,  plain  and  reenforced,  and  are  to  be  of  the 
most  substantial  and  permanent  form. 

The  power  plant  (Pis.  XXTX  and  XXX)  is  one  of  the  interesting  features  of  this  project. 
The  canal  line  from  Huntley  eastward  follows  the  Burlington  railroad  to  a  point  beyond 
Ballantine,  where  it  was  necessary  to  put  in  a  drop  of  about  34  feet,  in  order  to  keep  the 
main  canal  at  the  foot  of  the  bench  and  in  good  ground  for  construction.  Hie  quantity 
of  water  carried  at  this  point  is  about  240  second-feet.  When  the  plant  is  in  operation  the 
water  passes  through  a  turbine  having  a  vertical  shaft,  on  which  is  moimted  a  centrifugal 
pump,  fed  from  the  pressure  pipe.  The  pump  lifts  a  portion  of  the  water — about  56 
second-feet — to  a  height  of  57  feet,  where  it  enters  the  high-line  canal,  which  covers  the 
bench  lands  between  Ballantine  and  Fly  Creek,  and  adds  about  3,000  acres  to  the  irrigable 
lands.  The  operation  of  the  power  plant  is  intended  to  be  nearly  automatic.  The  plant 
is  simple  and  durable  and  the  cost  of  operation  and  maintenance  will  therefore  be  very  low. 

The  power  thus  rendered  available  will  be  used  to  pump  a  portion  of  the  water  on  the 
bench  lands  between  Fly  Creek  and  Ballantine.  Another  drop  was  foimd  necessaiy,  but  it 
has  not  been  planned  to  use  the  power  at  present. 

CONTRACTS. 

Plans  were  made  for  the  construction  of  the  main  canal  and  the  necessary  structures  in 
connection  therewith.  Bids  for  the  main  canal  and  structures  were  opened  June  28.  Fol- 
lowing is  a  summary  of  the  bids  received: 


Digitized  by  VjOOQ IC 


210 


FOURTH   ANNUAL   BBPOBT   OF   RECLAMATION   SEBVIGE. 


Bids  for  struchtres,  HunUey  project,  Montana. 


Work  or  material. 


Excavation: 

ClaMl 

CUaa2 

Class  3 

Overhaul 

Puddling 

Riprap 

Rubble  waU 

Coarse  gravd 

Concrete: 

Qassl 

Class  2 , 

Steel  bridge: 

No.l 

No.  2 

Gates  and  guides 

Stands    with    shaft, 
complete. 

Steel  for  concrete  reen- 
foroement. 

Tile  drain  pipe,  a-inch . 

Cast-iron  pipe,  8-lnch. . 

Cast-iron    valves,    8- 


inch. 

Flashboards 

Pumi>ing  station: 
Item  "A".... 


Item'B". 
Item"C". 
Item'D". 


Total      (with 
item  "A"). 

Total     (with 
i"C'^). 


item' 


Quantity. 


W.  D.  Lovell, 

Minneapolis, 

Minn.a 


Unit 
price. 


10  000  cubic  yards 10.66 

500  cubic  yards ,    1.00 

do 2.00 

1 000  cubic  yards <      .025 

500  cubic  yards 50 


1,000 cubic  yards. 
200 cubic  yards... 
100 cubic  yards... 


400 cubic  yards... 
1,200 cubic  yards. 


42-foot  span. . 
60-foot  span. . 
6,000  pounds. 
4 


120,000  pounds. 


1,500  linear  feet. 

50  linear  feet 

3 


150., 


auziliarysiructures. 

Change  in  length  of 
by-pass,  if  bnck. 

Same  as  ''A."  but  with 
concrete  by-pass. 

Change  In  length  of 
by-pass,  If  concrete. 


3.50 
3.50 
1.00 

3.73 
3.98 


Amount. 


16,500.00 

500.00 

1,000.0) 

25.00 

250.00 

3,500.00 

700.00 

100.00 

1,402.00 
4,776.00 


6506.00 

!  cose.oo 

.06    ,  360.00 

150.00  600.00 


.45 

1.50 

20.00 

2.75 


25.00 


20.00 


3,456.00 

675.00 
75.00 
60.00 

412.50 
7,750.00 


7,450.00 


33,813.50 
33,513.50 


Deadwood  Con- 
struction Co., 
Deadwood, 
8.  Dak.a 


Unit 
price. 


80.30 
.40 
.00 
.02 
.50 
6.00 
4.50 
.75 

6.40 
7.50 


.06 
100.00 

.035 

.50 

1.50 

25.00 

1.00 


12.55 


6.85 


Amount. 


$3,000.00 

200.00 

4S0.00 

20.00 

250.00 

6,000.00 

900.00 

75.00 

2,560.00 
9,000.00 

850.00 

1,300.00 

360.00 

400.00 

4,200.00 

750.00 
75.00 
75.00 

150.00 
7,500.00 


7,200.00 


38,115.00 
37,816.00 


Charles  Spear, 
Billings,  Mont.« 


Unit 
price. 


$1.00 

.66 

1.25 

.05 

.60 

4.50 

5.40 

.80 

5.70 
9.50 


.08 
150.00 

.035 

.40 

1.50 

55.00 

1.00 


28.00 


25.00 


Amount. 


$10,000.00 

325.00 

<B5.00 

50.00 

300.00 

4,500.00 

1,080.00 

80.00 

2,280.00 
11,400.00 

1,400.00 

1,800.00 

480.00 

600.00 

4,200.00 

600.00 
75.00 
165.00 

150.00 
11,000.00 


10,800.00 


51,110.00 
50,910.00 


a  Condition  in  bid:  Contract  must  be  for  all  Items  or  nothing. 

b  Condition  in  bid:  For  wooden  loists;  if  steel  loists  are  used  increase  this  amount  by  $100. 

c  Condition  in  bid:  For  wooden  joists;  if  steel  joists  are  used  increase  this  amount  by  $150. 
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Work  or  material. 

Cotton  Bros.  &  Co., 
Oakland,  Cal.o 

I 

Vulcan  Iron 
Works,  Chicago, 

WUliam  Bavlev 
Co.,  Soringfleld, 

Unit 
price. 

Amount. 

Unit 
)rice. 

Amount. 

Unit 
price. 

Amount. 

Excavation: 

Class  1 

ia55 

.90 

1.30 

.02 

.75 

2.50 

4.00 

1.00 

10.00 
10.50 

<5,500.00 
450.00 
650.00 
20.00 
375.00 
2,500.00 
800.00 
100.00 

4,000.00 
12,600.00 

900.00 

1,200.00 

720.00 

400.00 

4,800,00 

1,500.00 

100.00 

225.00 

45.00 

17,200.00 

Class  2 

1 

-    Class  3 

1 

nvnrhft-nl  T  -   

1 

Puddling 

1 

lUprap 

Rubble  wall 

Coarse  gravel 

Concrete: 

Class  1 

aa88  2 

Steelbridge: 

No.  1 

No.  2 .• 

Gates  and  guides 

.12 

100.00 

.04 

1.00 

2.00 

75.00 

.30 

10.0949 
91.90 

$569.40 
367.60 

10.12 
150.00 

$720.00 

Stands  with  shaft,  complete 

600.00 

Steel  for  concrete  reenf oroement 

Tile  drain  pipe,  8-inch 

Cast-iron  pipe*  8-iiich 

Cast-iron  valves,  8-inch 

Flashboards 

Pumping  station: 

Item  "A" 

Item"B" 

30.00 

Item**C" 

16,700.00 

Item*'D".  ' 

........ 

25.00 

Total  (with  item  "A") 

54,085.00 
63,685.00 

Total  (withitem"C") 

Work  or  material. 

Midland  Bridge  Co., 
Kansas  City,  Mo. 

W.  H.  Backus  &  Son, 
Portland,  Oreg. 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Excavation: 

Oassl...               

Class  2 

aass3 

Overhaul         ...                       

Puddling 

Rinran .' 

Rubble  wall 

Coarse  irravel 

Concrete: 

Class  1 

Class  2                           .       

Steel  bridge: 

No.  1 

r     a  1683.00 
1        (563.00 

a  With  Steel  rails  and  joists. 


ft  With  wooden  rails  and  Joists. 
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Work  or  material. 

Midland  Bridge  Co., 
Kansas  aty,  ICo. 

W.  H.  BadniB  &  Son, 
Portland,  Oreg. 

Unit 
price. 

Amount. 

Unit 
price. 

Amoont. 

8t«el  bridgM-Contlnoed. 

No.  2 

oil,  176.00 
61943.00 

Gates  and  ffuidee 

Stands  with  shaft,  complete 

. 

Steel  for  ooncrete  reenf oroement 

10.037 

H^^oo 

Tile  drain  nine.  8-lnch 

Cast-iron  nine.  A-inoh 

Cast-Iron  valves,  8-inch 

Flashboards 

Pumping  station: 

Item  "A" 

Item**B" 

Item**C" 

..  .           i 

Item"D" 

1 

Total  (with  Item  "A") 

1 

Total  fwith  Item  "0") , . .    . 

• 

•  With  tteel  rails  and  Joists. 


b  With  wooden  rails  and  Joists. 


Bid9  for  main  canal,  HunUey  project,  Montana. 
DIVISION  1. 


mnd  of  work. 

Quantity. 

Nick  Hughes, 
Butte,  Mont. 

Griffiths  A  Mo- 

Dermott,  Chi- 

ci«o.  111. 

PhdandcShiriey, 
Omaha,  Nebr. 

X-  ^'"^"°*- 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Dry  excavation: 
aaflfll 

35,000  cubic  yards. . 
14.000 cubic  yards.. 
29,000  cubic  yards. . 

20,000  cubic  yards. . 
1,000 cubic  yards... 
do 

1 

10.17        $5,060.00 
.60         7,000.00 
.97        28.130.00 

10.17 
.33 
.85 

.25 
1.00 
.015 

33.00 
39.00 
45.00 

6.25 
6.75 
.015 
1.25 
2.25 

$5,960.00 

4,620.00 

24,650.00 

5,000.00 

1,000.00 

15.00 

29,700.00 
12.285.00 
13,500.00 

13,750.00 
675.00 
600.00 
125.00 
225.00 

$0.17 

.40 

1.16 

.40 

1.40 

.02 

35.85 
49:85 
49.85 

8.00 
9.00 
.02 
2.00 
2.50 

$6,960.00 

aass2 

5,600.00 

riasfl3. 

33,350.00 

8,000.00 

1,400.00 

20.00 

Wet  excavation: 

Qassl 

.50 

1.50 

.10 

12.00 
13.00 
15.50 

3.60 
6.00 
.025 
4.00 
5.00 

10,000.00 

1,500.00 

100.00 

10,800.00 
4,005.00 
4,660.00 

7,700.00 
600.00 

1,000.00 
400.00 
500.00 

aas8e6  2and3 

Overhaul 

Tunnel: 

900  linear  feet 

315  Unear  feet 

300  linear  feet 

2  200  cubic  yards  . . 

100  cubic  yards 

40,000  pounds 

100  cubic  yards 

do 

32,265.00 
14,242.75 
14,956.00 

Type  2 

Type  3 

CoDCFBte: 

Qassl 

17,600.00 
900.00 
800.00 

Class  2 t 

Setting  gates 

Riprap 

200.00 

Rubble  waU 

350.00 

Total  for   dlvi- 
aion  1 

0*82,425.00 

112,005.00 

135,732.75 

a  Lowest  bid  for  division. 


b  Condition  in  bid:  For  whole  dlvUion. 
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Bids  for  main  canal,  HunHey  project ,  Montana — Continued. 
DIVISION  l-Continued. 


Kind  of  work. 


Dry  excavation: 

Class  1 $0.21 

Cla8s2 74 

ClaasS 99 

Wet  excavation: 

Claasl 63 

Cla88e8  2and3  ...     1.50 

Overhaul 02 

Tunnel: 

Typel 39.00 

Type2 42.00 

Type3 49.00 

Concrete: 

Classl 3.73 

Cla882 4.00 

Setting  gates 015 

Riprap 3.50 

Rubble  wall 3.50 


W.  D.  Lovell,       I  Cotton  Bros.  &  Co., 
Minneapolis,  Minn.       Oakland,  Cal. 


Unit 
price. 


Amount. 


Unit 
price. 


$7,350.00 
10,360.00 
28,710.00 

12,600.00 
1,500.00 
20.00 


$0.23 

.60 

1.05 

.27 

2.50 

.02 


35,100.00 

29.00 

13,230.00 

31.00 

14,700.00 

33.00 

8,206.00 

7.00 

400.00 

8.00 

600.00 

.03 

350.00 

2.75 

350.00 

3.00 

Amount. 


$8,050.00 

8,400.00 

30,450.00 

5,400  00 

2,500.00 

20.00 

26,100.00 
9,765.00 
9,900.00 

15,400.00 

800.00 

1,200.00 

275.00 

300.00 


Charles  Spear, 
Billings,  Mont. 


Unit 
price. 


$0.50 
.60 
.90 

.75 

1.10 

.025 

39.00 
42.00 
43.00 

6.00 
7.00 
.02 
3.00 
3.00 


Amount. 


$17,500.00 

8,400.00 

26,100.00 

15,000.00 

1,100.00 

25.00 

35,100.00 
13.230.00 
12,900.00 

13,200.00 
700.00 
800.00 
300.00 
300.00 


James  Forrestal 

Co.,  St.  Paul, 

Minn. 


Unit 
price. 


Total  for 
sion  1 . . . 


dlvl- 


133,476.00  , 


all8,560.00 


Amount. 


,<il44,656.00 


(«») 


(«») 


DIVISION  2. 


Kind  of  work. 


Excavation: 
Classl.. 
Class  2.. 
Class  3.. 

Overhaul 


Quantity. 


305,000  cubic  yards.. 

100  cubic  yards 

do 


Nick  Hughes, 
Butte,  Mont. 


Unit 
price. 


20  000  cubic  yards . . 


$0.15 

.60 

1.50 

.10 


Riprap 100 cubic  yards... —     5.00 


Total   for  divi- 
sion 2. 


Amount. 


$45,750.00 

60.00 

150.00 

2,000.00 

500.00 


Griffiths  &  Mc- 
Dermott,  Chi- 
cago, 111. 


Unit 
price. 


$0,115 

.30 

.75 

.015 

1.50 


Amount. 


$35,075.00 

30.00 

75.00 

300.00 

150.00 


Callahan  Bros., 

Phelan  &  Shirley, 

Omaha,  Nebr. 


Unit 
price. 


$0.15 
.30 
.80 
.02 

2.00 


c48,460.00  , d35,630.00  . 

I  i  I 


Amount. 


$45,750.00 
30.00 
80.00 
400.00 
200.00 


46,460.00 


Kind  of  work. 


Excavation: 
Classl... 
Class  2... 
Class  3... 

Overhaul 

Riprap 


Total  for  divi- 
sion 2 


W.  D.  Lovell,        Cotton  Bros.  &  Co., 
Minneapolis,  Minn.j      Oakland,  Cal. 


Unit 
price. 


$0,139 

.80 

1.20 

.015 

3.50 


Unit 
price. 


$42,305.00 
80.00 
120.00 
300.00 
350.00 


Charies  Spear, 
Billings,  Mont. 


James  Forrestal 
I    Co.,  St.  Paul, 
I  Minn. 


Unit 
price. 


Amount. 


I    Unit 
I  price. 


I 


I 


43,245.00        (ft) 


(*) 


(*) 


(*) 


$0.17 

1.00 

2.00 

.015 

4.00 


Amount. 


$51,850.00 
100.00 
200.00 
300.00 
400.00 

52,850.00 


a  Condition  in  bid:  For  whole  of  division  1  or  nothing,    e  Condition  in  bid:  For  whole  division, 
frNobid.  <f  Lowest  bid  for  division. 


H.  Doc.  86,  59-1 15 
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DIVISION  3. 


Kind  of  work. 


EzoAvation: 
aassl... 
Class  2... 
Class  3... 


Quantity. 


Nick  Hushes, 
Butte,  Mont. 


Unit 
price. 


350,000  cubic  yards. 

100  cubic  yards 

do 


Overhaul I  20,000  cubic  yards 

Riprap j  100  cubic  yards 


'  10.15 
.60 

1.50 
.10 

5.00 


Amount. 


$52,500.00 

60.00 

150.00 

2,000.00 

500.00 


Qrifflths  &  Mc-  I  Callahan  Bros., 
Dermott,  Clii-    .  Pbelan  A  Shirley, 
cago,  111.        I    Omaha.  Nebr. 


Unit 
price. 


Amount. 


Unit 
price. 


$0.12 

$42,000.00 

1 
$0.15 

.40 

40.00 

.30 

.80 

80.00 

.80 

.015 

300.00 

.02 

1.50 

150.00 

2.00 

Amount. 


$52,500.00 

30.00 

80.00 

400.00 

200.00 


Total  for    divi- 

!  

...|a55,210.00  ' 

.  642,670.00 

1 

1    53,210.00 

sion  3. 

1 

""T"" 

Grand  total 

...j  186, 096. 00    

.190,295.00 

236,402.75 

1 

i 

Kind  of  work. 

W.  D.  Lovell, 
Ifinneapolis,  Minn. 

Cotton  Bros. &  Co., 
Oakland,  Cal. 

Charles  Spear, 
Billing,  Mont. 

James  Forrestal 

Co.,  St.  Paul, 

Minn. 

Unit 
price. 

Amount. 

$59,150.00 
85.00 
100.00 
400.00 
400.00 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Ezoavation: 

aassl 

$o.ieo 

.85 
1.00 

.02 
4.00 

$0.17     $59,500.00 
1.00            100.00 

CUbm  2 

Class  3,    , . 

2.00    1       200.00 

Overtianl 

.015  1        309.00 

Riprap 

4.00    1        400.00 

Total  for  divi- 
sion 3 

60,135.00 

(0 

(<•) 

Ce^ 

(0 

60,500.00 

Grand  total 

236,866.00 

113,350.00 

1 

a  Condition  In  bid:  For  whole  division. 


b  Lowest  bid  for  division. 


e  No  bid. 


The  contract  for  the  structures  was  awarded  to  W.  D.  Lovell.  The  contract  for  division 
1  of  the  canal  was  awarded  to  Nick  Hughes,  the  lowest  bidder,  who  refused  to  execute  it. 
It  was  then  awarded  to  Griffiths  &  McDermott,  the  next  lowest  bidder.  They  also  refused 
to  execute  the  contract,  and  it  has  been  awarded  to  Cotton  Bros.  &  Co.  The  contract  for 
divisions  2  and  3  was  also  awarded  Griffiths  &  McDermott,  and  on  their  refusal  to  do  the 
work  division  2  was  awardell  to  W.  D.  Lovell  and  division  8  to  Callahan  Bros.,  Phelan  & 
Shirley. 

There  has  been  a  long  delay  in  getting  contractors  started  on  the  main  canal,  but  a  rep- 
resentative of  the  contractor  for  the  structures  appeared  on  September  18, 1905,  and  some 
work  will  be  done  before  winter  sets  in.  It  is  also  expected  to  start  the  tunnel  work  this 
winter,  as  the  tunnels  can  be  driven  most  advantageously  during  low  water.  The  work 
has  been  planned  with  the  idea  of  putting  water  on  the  land  in  the  spring  of  1907,  and 
this  will  be  done  unless  further  delays  occur. 

Bids  for  about  7,000  barrels  of  Portland  cement  were  opened  September  5,  1905,  and 
the  award  was  soon  afterwards  made  to  the  Illinois  Steel  Company,  cement  department, 
for  $1.10  per  barrel  f.  o.  b.  cars  Chicago,  III.  Bids  for  a  telephone  line  and  for  the  distri- 
bution system  for  the  Huntley  project  will  be  opened  December  15. 
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WATER  SUPPLY. 

The  Huntley  canal  diverts,  under  normal  conditions,  400  second-feet  from  YeUowstone 
River.  The  headgate  structure  and  canal  elevation  have  been  so  arranged  that  water  is 
taken  out  down  to  the  bottom  of  the  river.  This  arrangement  avoids  an  expensive  weir 
and  precludes  the  possibility  of  a  shortage  of  water. 

The  dischai^  of  Yellowstone  River  at  the  Billings  gaging  station  during  1904  varied  from 
a  minimum  of  2,740  second-feet  in  December,  to  a  maximum  of  32,580  second-feet  in  June. 
Even  the  minimum  dischaige  in  midwinter  is  so  far  ahead  of  the  present  appropriations 
that  the  question  of  water  supply  may  ba  dismissed  with  the  statement  that  there  is  a 
bountiful  supply,  and  that  proper  filings,  according  to  Montana  law,  have  been  made 
on  750  cubic  feet  per  second.  The  excess  filed  on  is  to  provide  for  its  use  for  domestic  and 
power  purposes. 

EXPENDITURES. 

The  expenditures  on  the  Huntley  project  to  September  30,  1905,  for  preliminary  exam- 
ination, final  surve3r8,  design  of  structures,  construction  of  office  buildings,  quarters,  and 
storehouses  and  administration  were  $30,272.90. 

SUN  RIVER  PROJECT,  o 

The  location  of  the  Sun  River  project  and  the  extent  of  previous  examinations  of  it  were 
described  in  the  Third  Annual  Report  of  the  Reclamation  Service,  pages  307  to  313,  and 
shown  on  PI.  XXIX.    Field  work  was  resumed  in  March,  1905,  being  the  second  season. 

NORTH  SIDE. 

DIVERSION  LINE. 

•nie  detailed  surveys  of  1904  were  extended  up  the  river  above  the  falls,  the  same  scale, 
50  feet  to  the  inch,  with  5-foot  contours,  being  used,  the  result  being  that  the  added 
information  has  caused  an  abandonment  of  the  plan  of  putting  the  diversion  weir  where 
firat  contemplated,  largely  on  account  of  the  65  feet  of  necessary  subaqueous  foundation 
and  the  fact  that  current-meter  observations  indicate  the  probable  existence  of  hidden 
underground  channels.  The  location  has  been  moved  about  500  feet  upstream,  to  a  point 
just  above  the  brink  of  the  lower  fall,  where  the  river  is  54  feet  wide.  The  weir  will  have  a 
length  of  170  feet  and  a  height  of  72  feet.  Here  solid  limestone  rock  extends  entirely 
across  the  canyon,  the  falls  indicate  that  the  formation  is  solid,  and  there  is  no  doubt  that 
the  canyon  was  formed  by  erosion  and  did  not  follow  a  fault  or  crevice.  To  make  doubly 
sure  several  drill  holes  will  be  sunk  along  the  axis  of  the  dam. 

At  the  weir  the  north-side  diversion  line  starts  into  a  tunnel,  the  first  1,000  feet  being 
through  very  solid  limestone.  From  this  point  to  station  50  the  tunnel  was  continued  in 
preference  to  an  open  cut  because  the  steep  side-hill  character  of  the  country  makes  the 
former  the  cheaper,  the  location  b3ing  carried  far  enough  into  the  hill  to  get  secure  ground 
and  yet  close  enough  to  the  stream  to  allow  frequent  short  adits  to  be  used  in  construction 
to  cheapen  the  cost  of  mucking.  The  character  of  the  material  to  be  encountered  from 
the  end  of  the  limestone  is  a  soft  sandstone  with  nearly  horizontal  stratification,  and  this 
portion  of  the  tunnel  will  have  to  be  lined. 

ThiB  line  has  been  located  throughout  the  entire  distance  to  the  Stone  Johnnie  reservoir, 
13.6  miles,  and,  while  it  extends  through  an  apparently  difficult  country,  is  very  sati»- 
&ctory,  several  cut-offs,  improving  on  the  preUminary  survey  of  1904,  having  been  made. 
This  line  will  have  been  tested  for  classification  purposes  by  test  pits  and  auger  holes 
before  the  end  of  the  field  season. 

The  upper  portion  of  the  line  was  kept  up  to  provide  sufficient  grade  to  permit  the  highest 
safe  velocity  through  the  tunnel,  to  diminish  the  cross  section,  and  to  get  on  the  best 

0From  report  by  S.  B.  Aobbins. 
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ground  for  construction  beyond  the  tunnel.  At  8  miles  the  line  runs  into  Arnold  Coulee, 
where  the  water  will  follow  the  natural  course  for  three-fourths  of  a  mile,  dropping  10  feet 
in  this  distance.  In  this  coulee  an  earth  dam  600  feet  long  and  35  feet  in  greatest  height, 
protected  on  the  upstream  side  with  riprap,  will  divert  the  water  into  a  canal  again,  whence 
it  will  run  to  the  reservoir. 

George  W.  Weed  has  been  in  charge  of  all  the  location  survejrs  made  on  this  project 
this  season. 

STONE  JOHNNIE  RESERVOIR. 

This  reservoir  was  briefly  mentioned  on  page  310  of  the  Third  Annual  Report,  second 
edition.  The  surveys  of  1904  were  extended  during  the  past  season  by  W.  T.  Turner, 
topographer,  and  additional  capacity  of  about  5,000  acre-feet  was  obtained.  As  several 
lake  beds  are  embraced  in  the  flooded  area  it  has  developed  that  a  portion  of  the  stored  water 
will  be  available  for  use  only  through  the  Teton  slope  line,  and  another  portion  only 
through  the  Freezeout  bench  line,  and  the  upper  portion  may  be  diverted  to  either  line 
as  future  requirements  demand.  The  following  table  gives  the  capacities  of  the  reser- 
voir at  different  elevations  and  also  shows  amount  available  for  the  different  proposed  uses: 

CapacUy  of  Stone  Johnnie  reservoir. 


Contours,  feet  above  sea  level. 


4,300. 
4,310. 
4,320 
4,330 
4,340. 
4,350. 
4,360. 
4,370. 


Area. 


Capacity  of 
section 


Acres. 
106.09 
190.56 
342.64 
490.20 
676.20 
837.20 
1,052.60 
1,542.60 


Acre-feet. 
787.9 
1,483.2 
2,666.0 
4,164.2 
5,779.0 
7,564.0 
9,297.0 
14,006.0 


Total 
capacity. 

Acre-feet. 
787.9 
2,271.1 
4,937.1 
9.101.3 
14,880.0 
22,444.0 
31,741.0 
45,747.0 


FREEZEOUT  BENCH  LINE. 

This  line  was  dropped  about  30  feet  below  the  preliminary  line  of  1904  in  order  to  take 
advantage  of  the  storage  of  the  Stone  Johnnie  reservoir,  in  which  it  heads.  It  has  a  length 
of  23.5  miles  to  the  point  where  it  drops  into  Spring  Coulee,  and  the  location  has  been 
run  for  this  distance.  The  first  6i  miles  runs  through  the  rolling  glacial  country;  then  the 
line  is  supported  along  hillsides  to  attain  the  level  bench  at  station  480.  In  this  interval 
it  has  been  thought  advisable  to  put  in  two  tunnels  through  glacial  gravel  to  shorten  the 
distance  and  insure  better  construction.  The  first  tunnel  will  have  a  length  of  2,200  feet 
and  the  second  2,000  feet. 

Test  pits  dug  along  this  line  show  that  the  material  to  be  encountered  will  be  a  mixture 
of  gravel  and  clay  with  a  small  amount  of  cemented  gravel. 

From  the  point  where  line  reaches  the  bench  to  Spring  Coulee  there  are  about  11,500 
acres  of  excellent  irrigable  land. 

From  Spring  Coulee  eastward  no  surveys  were  made  this  season,  because  the  location 
must  necessarily  closely  follow  the  preliminary  line  of  1904.  Upon  the  Freezeout  bench 
the  canal  will  serve  about  80,000  acres.  The  preliminary  classification  of  this  land  will  be 
made  before  the  end  of  the  season  and  will  show  a  very  lai^e  percentage  of  first-class  land, 
as  the  soil  is  a  very  fertile  sandy  loam,  more  or  less  underlain  and  mixed  with  gravel,  and 
is  considered  very  desirable  alfalfa  ground.  The  reclaimable  portion  of  this  bench  is  in  a 
compact  body,  about  18  miles  long  by  7  miles  wide,  with  a  gentle  slope  diagonally  across 
it,  which  will  allow  a  cheap  distributing  system.  The  slope  is  great  enough  for  good  drain- 
age, and  there  should  be  no  trouble  from  the  rise  of  alkah.    Very  Httle  preparation  for  cul- 
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tivation  will  be  necessary,  as  the  surface  is  generally  smooth,  will  need  little  grading,  and 
has  no  growth  of  sagebrush,  in  the  latter  respect  being  similar  to  all  other  parts  of  Sun 
River  project. 

TETON    SLOPE    LINE. 

After  passing  through  tlie  outlet  tunnel  of  the  Stone  Johnnie  reservoir  the  water  for  the 
Teton  slope  will  run  down  a  coulee  into  Deep  Creek,  and  down  this  to  the  diversion  weir  in 
the  NW.  i  sec.  15,  T.  23  N.,  R.  5  W.,  a  total  of  about  12 J  miles,  through  natural  channels. 

The  weir  as  planned  will  be  of  concrete,  12  feet  high  and  100  feet  long,  with  a  600-foot  earth 
embankment  on  the  west  side  to  confine  the  wat^r  to  the  channel.  Test  pits  sunk  at  this 
place  to  a  depth  of  14  feet  below  the  bed  of  the  stream  show  stiff  clay  mixed  with  gravel 
for  foundation  material. 

The  distributing  canal  starts  on  the  east  side  of  the  creek  at  the  weir,  and  after  the  first 
half  mile  begins  to  ser\'e  the  bottom  lands  along  the  creek,  gradually  drawing  away  to  the 
southward.  After  passing  behind  Priest  Butte,  at  a  distance  of  7.2  miles  from  the  head, 
two  alternative  lines  were  run,  one  across  the  Priest  Butte  sag,  the  other  around  the  Freeze- 
out  basin.  The  sag  line  embraces  1 .54  miles  of  canal  and  4,400  feet  of  re-enforced  concrete 
pipe,  9J  feet  inside  diameter,  the  difference  of  elevation  of  the  ends  being  24J  feet  and  the 
greatest  pressure  being  50  feet.  The  basin  line  is  35.8  miles  long,  and  waters  the  lands  of 
the  basin  its  entire  length.  If  the  main  supply  should  be  carried  through  the  pipe  the  basin 
would  have  to  be  surrounded  by  laterals,  consequently  the  comparison  of  cost  embraces  the 
items  of  pipe  and  1.54  miles  of  main  canal  plus  laterals  against  35.8  miles  of  open  canal. 
At  present  the  plan  of  carrying  the  canal  around  the  basin  seems  the  cheaper.  This  sag  is 
the  same  location  which  was  considered  in  1904  for  the  dam  site  in  connection  with  the 
proposed  Freezeout  reservoir,  as  mentioned  on  pages  299-300  of  Third  Annual  Report. 
The  plan  to  use  this  site  has  been  abandoned  in  favor  of  storage  at  Nos.  3,  5,  and  Stone 
Johnnie  reservoir  sites,  largely  on  account  of  the  cost  of  a  supply  canal  and  the  fact  that 
about  20,000  acres  of  very  fine  irrigable  land  would  be  flooded. 

A  drainage  channel  will  have  to  be  provided  to  keep  floods  and  seepage  water  from  irri- 
gation below  the  natural  surface  of  the  Freezeout  Lake.  This  channel  will  have  a  length 
of  about  5^  miles  and  a  maximum  depth  of  17  feet.  It  will  drain  into  Priest  Lake,  lying 
north  of  the  sag,  and  a  similar  channel  will  have  to  be  provided  from  this  lake  to  Teton 
River  to  prevent  the  rise  of  its  natural  surface.  No  survey  of  this  line  has  yet  been  made, 
but  its  length  will  be  about  3)  miles  and  its  depth  probably  will  not  exceed  that  of  the 
upper  channel. 

From  the  east  end  of  the  sag  the  main  canal  follows  the  general  course  of  the  Teton, 
covering  the  bottom  lands  south  of  the  river  and  all  the  bench  between  it  and  the  Teton- 
Sun  divide,  which  consists  of  a  low  range  of  hills  having  a  general  east-and-west  direction, 
the  part  west  of  the  Montana  and  Great  Northern  Railway  being  known  as  the  T.  L.  Ridge 
and  that  east  of  the  railroad  as  the  Teton  Ridge. 

The  railroad  crossing  will  necessitate  a  pipe  3,400  feet  long,  with  6-foot  inside  diameter, 
27  feet  difference  in  elevation  of  ends,  and  50  feet  maximum  head.  The  line  has  been 
located  for  6  miles  east  of  the  railroad  crossing.  There  is  opportunity  to  extend  it  still 
farther  eastward  if  the  water  supply  warrants,  but  enough  land  is  covered  by  the  present 
location  to  utilize  all  the  water  that  is  probably  available  for  this  diversion.  If,  however, 
nothing  should  be  done  toward  reclaiming  land  on  the  south  side  this  line  may  be  extended 
to  use  the  water  now  reserved  to  go  south.  The  land  covered  by  an  extension  would  be 
mostly  vacant. 
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The  lands  lying  below  the  Teton  slope  line  have  been  classified  as  well  as  practicable 
without  topogriaphic  surveys  as  shown  below: 

Land  lying  bdow  Teton  dope  liiUf  in  acres. 


Deep  Creek  to  Priest  Butte  sag 

Freeseout  basin 

Sag  to  Montana  and  Qreat  Northern  RaUway 

Montana  and  Great  Northern  Railway  to  end  of  line. 


Total. 


First 
class. 

Second 
class. 

Acre*. 

Acre$. 

5,440 

120 

19,765 

6,575 

50,210 

820 

23,320 

96,725 


7,515 


Until  a  topographic  survey  of  the  irrigable  lands  is  made  their  exact  area  and  classifica- 
tion can  not  be  determined,  but  from  the  preliminary  work  already  done  it  has  been  found 
that  on  the  north  side  of  Sun  River  there  are  some  183,700  acres  of  irrigable  land  under  the 
canal  lines  now  surveyed,  without  further  extension  of  the  Teton  slope  line.  The  owner- 
ship is  divided  approximately  as  follows:  Private,  35  per  cent;  State,  8  per  cent;  Qovem- 
ment,57percent 

DAM   STTB  NO.  2. 

The  investigation  as  to  the  feasibility  of  attaining  the  required  elevation  for  the  north 
and  south  main  canal  lines  by  building  the  dam  at  Wilson's  No.  2  site  and  diverting  there 
was  considered  this  season.  A  preliminary  canal  line  was  backed  up  on  the  north  side 
from  Stone  Johnnie  reservoir  to  and  above  this  point,  but  the  practicable  height  of  dam 
there  is  not  sufficient  for  the  purpose,  and  it  was  not  considered  a  safe  site  for  a  dam  of  the 
required  height,  over  100  feet,  as  the  foundation  and  abutments  consist  of  sandstone,  with 
some  much  fractured  and  very  soft  anticlinal  folds.  Nor  is  there  suitable  building  stone 
for  a  dam  within  a  reasonable  distance.  Also  the  diversion  line  on  the  south  side  would 
be  about  4  miles  shorter  if  taken  from  the  canyon,  as  the  upper  line  passes  over  a  hill  which 
the  Wilson  No.  2  canal  line  passes  around. 

STORAGE   IN  THE  MOUNTAINS. 

In  April  W.  T.  Turner,  topographer,  took  charge  of  the  storage  investigations  in  the 
mountains  on  the  upper  North  Fork.  As  it  happens,  the  main  upper  Sun  River  has  been 
called  the  North  Fork,  and  this  is  again  divided  into  a  north  toik  and  a  south  fork.  In 
the  following  description  "North  Fork"  and  "South  Fork'*  refer  to  the  north  and  south 
forks  of  the  North  Fork.  A  plane-table  survey  was  made  of  the  North  Fork  from  bek)W 
the  confluence  of  the  North  and  South  forks  to  dam  site  No.  3  and  above,  including  reservoir 
No.  3.  This  work  was  done  on  a  scale  of  1 ,000  feet  to  the  inch,  with  a  10-foot  contour 
interval.  A  survey  was  also  made  up  the  South  Fork  about  one-half  mile,  to  the  falls.  At 
this  point  a  fall  of  17  feet  occurs  in  a  horizontal  distance  of  340  feet  through  Sheep  Reef 
Ridge. 

It  was  thought  that  a  high  masonry  dam  below  the  confluence  of  the  North  and  South 
forks,  at  a  point  where  the  main  North  Fork  cuts  through  a  hard  limestone  reef,  would  store 
the  waters  of  both  streams.  This  idea  did  not  prove  correct,  as  a  100-foot  fall  in  about  a 
mile  on  the  North  Fork  above  the  dam  site  limits  the  storage  capacity  of  that  stream  to 
65,000  acre-feet  for  a  260-foot  dam.  In  the  South  Fork  occurs  a  fall  of  40  feet  in  the  first 
half  mile,  and  as  the  river  flows  through  a  narrow  canyon  for  2  miles  above  the  dam  site 
the  storage  capacity  would  be  small.  The  total  storage  capacity  would  not  exceed  110,000 
acre-feet. 

Reservoir  No.  4  on  the  South  Fork  was  not  considered,  as  no  suitable  dam  site  could  be 
found. 
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Reservoir  No.  3  is  the  only  reservoir  site  in  the  mountains  available  for  storage.    Below 
is  given  the  table  of  contents: 

Capacity  of  North  Fori  Sun  River  reservoir  above  dam  aiie  No,  S. 


Contour. 

Area. 

Capacity 
of  section. 

Total 
capacity. 

Feet. 

Acres. 

Acre-feet. 

Acre-feet. 

4,800 

5 

25 

25 

4,810 

44 

245 

270 

4,820 

165 

1,045 

1,316 

4,830 

251 

2,080 

3,395 

4,840 

368 

3,095 

6,490 

4,850 

445 

4,065 

10,555 

4,860 

532 

4,885 

15,440 

4,870 

656 

5,940 

21,380 

4,880 

808 

7,320 

28,700 

4,800 

966 

8,870 

37,570 

4,900 

1,099 

10,326 

47,895 

4,910 

1,205 

11,520 

59, 415 

4,920 

1,338 

12,715 

72,130 

4,030 

1,506 

14,220 

86,350 

4,940 

1,658 

15,820 

102, 170 

4,950 

1,775 

17,165 

119,335 

4,960 

1,878 

18,255 

137,590 

4,970 

1,976 

19,270 

156,860 

A  low  divide  2,000  feet  west  from  dam  site  No.  3  makee  it  possible  to  provide  a  spillway 
for  this  site,  from  which  the  flood  waters  will  flow  into  South  Fork. 

LDIBSTONE   RBEF   DAM   SITE. 

The  dam  site  500  feet  below  the  confluence  of  the  North  and  South  Forks  was  first  sur- 
veyed on  a  scale  of  100  feet  to  the  inch,  with  5-foot  contour  interval.  As  stated  elsewhere, 
the  storage  capacity  of  the  dam  at  this  location  would  be  smaU,  and  dam  site  No.  3  was 
next  considered. 

DAM   SITE  NO.  3. 

In  the  survey  of  dam  site  Nd.  3  a  scale  of  100  feet  to  the  inch,  with  2^oot  contour  interval, 
was  used.  At  this  point  a  dam  190  feet  high  will  give  storage  capacity  of  156,860  acre-feet, 
with  flood  line  to  the  4,970-foot  contour,  the  crest  of  the  dam  to  have  an  elevation  of  4,980. 
At  this  point  the  North  Fork  cuts  through  a  hard  granite  reef  (Sheep  Reef),  showing  bed 
rock  in  the  river  bed,  50  feet  in  width. 

On  September  1  a  diamond-drill  crew  began  boring  at^this  site.  The  foundation  is  very 
hard,  fine-grained  diorite,  and  a  better  foundation  could  not  be  Asired.  At  first  a  masonry 
dam  was  contemplated,  but  the  great  distance  of  dam  site  from  a  railroad,  about  72  miles, 
would  make  the  cost  of  cement  very  high  at  place  of  construction.  The  idea  was  then 
developed  of  building  a  combination  rock-and-earth-fiU  dam,  and  in  September  a  number 
of  men  were  employed  to  dig  test  pits  to  find  what  material  was  available.  Test  pits  were 
dug  from  9  to  25  feet  deep,  showing  up  plenty  of  material  for  earth  fill  within  2,000  feet  of 
the  dam  site.  This  consists  of  clay,  coarse  and  fine  gravel,  sand,  and  bowlders.  EJstimates 
show  at  least  1,166,000  cubic  yards,  taking  depth  as  18  feet.  Much  of  the  material  is  of 
greater  depth,  but  as  sufficient  for  aU  needs  was  prospected  no  further  investigation  seemed 
necessary.  Within  another  1,000  feet  there  is  about  as  much  yardage,  and  several  times 
the  amount  required  are  within  reach  and  at  an  elevation  high  enough  to  be  sluiced  into 
the  fill .  It  is  thought  the  best  method  of  moving  this  material  to  the  dam  site  will  be  by  the 
hydraulic  process.  Water  can  be  delivered  for  this  purpose  by  building  a  small  ditch,  about 
4  miles  long,  from  Bear  Creek,  with  3,000  feet  of  pipe  line,  and  the  diversion  may  be  made 
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high  enough  to  give  an  excellent  working  head.  No  gagings  were  made  of  Bear  Creek,  but 
20  second-feet  will  probably  be  available  during  the  summer  and  fall,  and  considerable 
more  during  the  spring.    Measurements  will  be  made  to  determine  low-water  flow. 

About  4,000  feet  below  dam  site  No.  3  is  a  laige  talus  of  diorite  split  off  from  the  portion 
of  Sheep  Reef  lying  between  the  forks,  composed  of  rocks  from  1  to  30  cubic  yards  in 
size,  with  a  good  portion  varying  from  1  to  6  cubic  yards.  It  will  probably  be  much 
cheaper  to  transport  rock  from  this  point  to  the  dam  by  cableway,  gravity  tramway,  or 
other  method,  than  to  blast  the  material  from  above  the  dam. 

SPILLWAY. 

Two  test  pits  were  dug  in  the  spillway  divide  and  bed  rock  was  found  in  both  holes  at 
about  the  elevation  of  the  proposed  flood  line.  The  material  above  rock  is  sand  and  gravel 
and  can  be  excavated  by  hydraulic  method  and  sluiced  into  the  dam,  making  the  actual 
cost  of  the  spillway  small.  A  bead  of  90  feet  for  washing  the  material  from  the  spillway 
will  give  a  head  of  about  240  feet  for  the  lower  earth  near  the  dam  site,  which  would  be  the 
first  materia]  to  move,  washing  being  carried  higher  up  as  the  height  of  the  dam  increased. 

OUTLET  TUNNEL. 

An  outlet  tunnel  approximately  800  feet  long,  10  by  10  feet  in  size,  with  a  slight 
areh,  is  planned  to  pass  through  the  east  abutment.  A  timnel  of  this  size,  with  slope 
of  0.01,  will  dischai^  2,200  second-feet.  As  the  rock  and  earth  fill  could  probably  not 
be  finished  in  one  season  after  the  subsidence  of  the  spring  floods,  it  would  be  necessary 
to  construct  the  outlet  tunnel  first,  to  take  care  of  the  dischai^ge  during  the  construction 
of  the  dam.  After  finishing  the  tunnel  the  dam  should  be  built  to  elevation  4,870  feet,  or 
80  feet  above  the  stream  bed.  When  work  is  resumed  in  the  following  year  the  outlet 
tunnel  should  readily  discharge  ^000  second-feet  under  a  70-foot  head,  which  would  insure 
the  safety  of  the  work,  as  it  is  probable  the  North  Fork  has  never  had  as  great  a  flood 
as  this. 

SOUTH  FORK  DIVBBSION. 

A  plane-table  survey  was  made  in  the  spring  for  a  div^on  canal  from  a  point  just  below 
the  confluence  of  the  West  Fork  and  South  Fork  to  the  spillway  divide  of  reservoir  No.  3. 
Ibe  South  Fork  waters  could  thus  be  brought  to  reservoir  No.  3  with  7  miles  of  canal  line, 
the  spillway  to  be  used  both  as  an  outlet  for  flood  waters  and  an  inlet  for  storage.  This 
diversion  would  catch  the  flow  of  Elk,  Ooat,  and  Bear  creeks  en  route.  It  is  thought 
that  reservoir  No.  3  will  not  more  than  control  the  North  Fork,  and  it  is  probable  that  it 
will  never  be  necessary  to  supplement  the  supply  from  the  South  Fork. 

POSSIBLE  POWER  DEVELOPMENT. 

At  the  South  Fork  Falls  power  can  be  developed  for  use  in  construction.  A  low-water 
flow  of  75  second-feet,  with  50  per  cent  efficiency,  will  develop  72  horsepower. 

Should  the  developmei^  of  electric  power  become  necessary  for  a  pumping  project, 
within  a  reasonable  distance,  the  South  Fork  diversion  line  could  be  developed  by  6  miles 
of  canal  to  a  point  where  the  South  Fork  cuts  a  steep  blufl',  with  a  flat  just  to  the  east, 
available  for  location  of  power  plant.    Here  a  head  of  230  feet,  with  discharge  of  75  second- 
feet,  would  develop,  with  50  per  cent  efficiency,  1,000  horsepower. 

From  reservoir  No.  3,  by  a  canal  taken  from  the  outlet  tunnel  to  just  below  LimeetoDe 
Reef  dam  site,  a  head  of  100  feet  can  be  had,  with  a  canal  approximately  1  mile  in  length. 
With  a  flow  of  600  second-feet  from  May  to  September,  inclusive,  the  irrigation  season, 
about  3,400  horsepower  (50  per  cent  efficiency)  can  be  developed.  A  full  reservoir  eariy 
in  the  irrigation  season,  with  the  normal  summer  flow,  will  maintain  this  discharge. 

SOUTH  SIDE. 

The  reconnaissance  of  the  country  south  of  Sun  River,  suggested  on  page  313  of  the 
Third  Annual  Report,  has  been  completed  during  the  past  season. 
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ELK   GREEK   RBSBBTOIB  SITE. 

In  June  W.  T.  Turner  ,«ftade  an  investigation  for  storage  on  the  upper  South  Fork, 
found  only  ono  site  wortUv  of  survey,  on  Elk  Creek. 

Capacity  of  EUc  Creek  reservoir » 


He 


Contour. 

Area. 

Capacity 
of  section. 

Total 
capacity. 

FetU 

Acres. 

Acre-feet. 

Acre-feet, 

4,800 

4.0 

20 

20 

4,900 

9.6 
/    16.8 

68 

88 

4,910 

131 

219 

4,920 

24.0 

204 

423 

4,930 

37.7 

308 

731 

A\m 

53.6 

457 

1,188 

4,950 

70.8 

622 

1,810 

,^  4,^960 

88.0 

794 

2,604 

?^4,970 

109.0 

986 

3,689 

4,980 

136.0 

1,220 

4,809 

4,990 

166.0 

1,626 

6,334 

6,000 

201.0 

1,836 

8,160 

WILLOW   CREEK   RESERVOIR   SITE. 

F.  F.  Prendergast,  assistant  engineer,  made  preliminary  surveys  on  the  south  side  and 
found  that  it  was  possible  to  divert  water  from  the  North  Fork  at  the  canyon  weir  and  cany 
it  about  8  miles  to  the  divide  on  the  west  side  of  Willow  Creek.  Here  it  may  follow  natural 
channels  some  7  miles  into  Willow  Creek  at  a  point  abov^  reservoir  No.  5  (Wilson's). 

Mr.  Turner  made  a  detailelF  survey  of  this  reservoir  by  plane-table  methods  on  a  scale 
of  1,000  feet  to  1  inch,  with  5-foot  contours. 

Capacity  of  WiUow  Creek  reservoir. 


Contour. 
Feet. 

Area. 

Capacity 
of  section. 

Total 
capacity. 

Acre-feet. 

Acref. 

Acre-feet. 

4,070 
!      4,076 



:      4,080 

7 

18 

18 

8,586 

10 

42 

60 

8,500 

40 

125 

185 

8,506 

87 

317 

502 

a  4, 100 

146 

683 

1,086 

4,105 

223 

922 

2,007 

4,110 

341 

1,410 

3,417 

4,116 

451 

1,980 

6,397 

4,120 

651 

2,756 

8,152 

b  4,125 

857 

3,770 

11,922 

4,130 

1,064 

4,777 

16,700 

4,135 

1,305 

5,897 

22,600 

4,140 

1,416 

6,802 

29,400 

4,146 

1,632 

7,370 

36,770 

4,160 

1,672 

8,010 

44,780 

4,155 

1,810 

8,706 

63,486 

4,160 

1,966 

0,486 

62,970 

4,166 

2,136 

10,300 

73.270 

4,170 

2,286 

11,050 

84,320 

a  Elevation  of  lower  canal  line. 
h  Elevatioii  of  upper  canal  line. 
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DRY   GBEEK   BESBRVOIR   SITE. 

From  two  different  elevations,  25  feet  apart,  near  the  bottom  of  No.  5  refiervoir,  two 
preliminary  lines  were  run  eastward  up  the  valley  of  South  Fork,  crossing  that  stream 
about  1 J  and  2  miles,  respectively,  above  Augusta,  thence  running  eastward  to  Dry  Creek. 
The  distance  by  the  upper  and  better  line  is  7  miles  to  South  Fork,  with  a  tot^  length  of 
23  miles  to  Dry  Creek. 

Satisfactory  storage  not  having  been  found  on  South  Fork  for  its  flood  waters,  it  was 
planned  to  pick  them  up  where  the  Augusta  line  crosses  that  stream  and  carry  them  to 
Dry  Creek,  where  a  storage  site  of  38,585  acre>feet  capacity  was  found  below  the  elevation 
of  the  supply  canal.  This  was  surveyed  by  plane-table  methods  on  a  scale  of  1,000  feet 
to  1  inch,  with  10-foot  contours.  To  form  the  reservoir  a  dam  1,065  feet  long,  with  a  max- 
imum height  of  95  feet,  would  have  to  be  constructed.  This  would  be  of  earth,  with  a 
core  wall.    Three  low  auxiliary  dams  of  earth  would  be  necessary  to  fill  gaps  between  knolls. 

CapatUy  of  Dry  Creek  reservoir. 


Contour. 

Area. 

Feet. 

Acres. 

3,930 

6.7 

3,040 

17.7 

3,950 

37.0 

3,960 

99.0 

3,970 

257.0 

3,980 

536.0 

3,990 

812.0 

4,000 

1,286.0 

4,010 

1,622.0 

Capacity  |      Total 
of  section.  ;  capacity. 

Acre-feet.  ,  Acre-feet. 


117 
273 
680 
1,780 
3,965 
6,740 
10,490 
14,540 


117 
390 
1,070 
2,850 
6,815 
13,555 
29^045 
38,585 


From  the  bottom  of  this  reservoir  the  preliminary  line  was  carried  31  miles  to  the  Simms 
Creek  divide,  where  a  lateral  was  surveyed  14  miles  to  take  in  the  irrigable  lands  around 
the  head  of  this  creek,  the  main  body  of  water  being  allowed  to  flow  down  the  creek  to 
be  picked  up  again  and  carried  9  miles  to  the  Crown  Butte  divide,  whence  it  would  run 
toward  Missouri  River  through  Muddy  Creek.  A  high-line  preliminary  was  carried  east- 
ward from  the  Crown  Butte  divide  for  about  28  miles,  and  another  line  from  lower  down 
the  Muddy  22  miles  to  cover  the  Ulm  flats,  near  the  Missouri.  These  lines  were  run  to 
obtain  an  idea  of  the  location  and  area  of  the  maximum  amount  of  land  which  may  be 
served  by  the  South  Fork  supplemented  by  the  North  Fork. 

AVAILABLE  LAND. 

The  best  tracts  were  those  of  the  South  Fork  Valley  near  Augusta  and  portions  of  the 
old  Fort  Shaw  Military  Reservation.  If  the  south  side  system  were  built,  the  latter  lands 
could  be  served  by  means  of  the  high  line  from  Simms  Creek.  But  in  case  it  is  deemed 
desirable  to  leave  out  the  major  portion  of  this  subproject  the  reservation  lands  may  b^ 
covered  by  a  lateral  taken  from  the  main  stream.  The  Augusta  Valley,  Fort  Shaw,  and 
the  prior  rights  on  the  North  Fork  and  main  Sun  River  may  be  served  by  water  stored  in 
Willow  Creek  reservoir,  as  it  lies  above  them  all. 

The  policy  toward  the  south  side  can  not  be  foretold,  as  the  farmers  near  Augusta  now 
have  a  partial  supply  of  water  and  are  not  enthusiastic  about  Grovemment  construction. 
Also  lying  east  of  South  Fork,  around  Dry  Creek  and  Simms  Creek,  are  about  33,000  acres 
of  land,  withdrawn  under  the  Carey  Act  and  partially  reclaimed  by  the  State  from  the 
Dearborn.  The  status  of  these  lands  is  very  indefinite  and  unsatisfactory  and  action 
regarding  their  reclamation  from  Sun  River  must  be  deferred. 
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The  Fort  Shaw  Reservation  was  in  the  hands  of  the  War  Department  until  July  22,  1905, 
when  it  was  transferred  to  the  Interior  Department. 

For  the  past  ten  years  the  old  fort  buildings  and  part  of  the  reservation  lands  have  been 
occupied  by  an  Indian  school.  As  this  school  has  never  been  on  a  permanent  basis,  and 
as  the  status  of  the  irrigable  lands  should  be  settled  definitely  while  the  Sun  River  project 
is  under  consideration,  there  being  insufficient  water  to  reclaim  more  than  half  the  avail- 
able land,  it  is  desired  that  some  definite  action  be  taken  by  Congress  at  the  coming  session. 
To  furnish  data  for  an  intelligent  presentation  and  consideration  of  the  subject  a  topo- 
graphic survey  of  the  irrigable  portion  of  the  reservation  was  made  by  Mr.  Turner  on  a 
scale  of  2,000  feet  to  1  inch,  with  10-foot  contours,  covering  an  area  of  39.3  square  miles, 
the  map  showing  the  areas  irrigated,  irrigable,  farmed,  and  occupied  by  the  school.  A 
copy  of  this  map  and  a  report  of  the  conditions  are  available  for  Congressional  action. 

The  reclaimable  areas  upon  the  south  side  are  shown  in  the  following  table: 

IrrigaUe  lands  on  south  side  of  Sun  Rivera  Montana. 


Acreage. 


Carey.  |    State.^  ^^ 


WUlow  to  Simras  Creek....;    6,880  j    1,440     12,020 

SinimsCreek 5,760  160  I    2,160 

Missouri  Flats ;    2,800  |  14,480 

Upper  Muddy ! 1,660  I  17,960 

Fort  Shaw  Reservation 1 1 , 

Total 12,640       5,960:47,620 


Gov- 
ern-   ,  Total, 
ment.  > 


1,480  22,720 

240  ,  8,320 

7,440  24,720 

6,720  26,240 

15,080.  15,080 


Percentage. 


Carey. 

30.3 
69.2 


30,960  ,  97,080  '      13.0 

I  I 


State. 


6.4 

1.9 

11.4 

6.0 


Pri- 
vate. 


56.8  I 

25.9  , 
58.5 
68.4 


49.0 


Gov- 
ern- 
ment. 


6.6 
3.0 
30.1 
25.6 
100.0 

31.9 


WITHDRAWALS. 

Previous  to  1905  the  withdrawals  of  land  for  reservoir  purposes,  under  the  first  form, 
consisted  of  T.  22  N.,  R.  3  W.,  the  E.  4  of  T.  22  N.,  R.  4  W.,  SW.  i  of  T.  23  N.,  R.  3  W.,  and 
SE.  i  of  T.  23  N.,  R.  4  W.  for  the  Freezeout  reservoir  under  date  October  17, 1903,  and  sees. 
1, 2,  3, 10, 11, 12  in  T.  22  N.,  R.  7  W.  for  the  Stone  Johnnie  reservoir  under  date  November 
3, 1904.  On  September  13,  1905,  sees.  4,  5, 8, 9, 10, 15, 16, 21, 22, 23, 26, 27,  T.  22  N.,  R. 
10  W.,  and  sees.  28,  29, 32,  33,  T.  23  N.,  R.  10  W.  were  also  withdrawn  under  the  first  form 
for  reservoir  No.  3.  The  reservation  of  lands  for  No.  5  was  made  about  the  time  of  the 
original  Wilson  surveys.  All  lands  affected  by  the  south-side  subproject,  including  Dry 
Creek  reservoir,  were  withdrawn  under  the  first  form  on  September  20, 1904. 

WATER  users'   ASSOCIATION. 

On  August  30,  at  a  meeting  in  Great  Falls  of  the  people  of  that  place  andHhe  surrounding 
coimtry,  the  possibilities  of  the  Sun  River  project  were  e.xplained,  and  they  were  informed 
concerning  the  matters  which  they  must  necessarily  attend  to  themselves.  An  executive 
committee  of  three  citizens  was  appointed  to  do  whatever  was  found  necessary  to  aid 
in  pushing  the  project  to  construction  and  completion.  A  finance  committee  was  also 
appointed,  and  has  been  very  successful  in  raising  the  funds  necessary  for  the  work. 

As  a  result  of  this  action,  an  adjudication  suit  has  been  brought  to  determine  the  amounts 
and  priorities  of  aH  water  rights  on  Sun  River  and  its  tributaries.  The  State  engineer,  John 
W.  Wade,  has  taken  chaige  of  necessary  surveys  of  ditches  end  irrigated  lands  for  use 
in  the  adjudication,  and  has  two  plane-table  parties  in  the  field  on  the  work.  A  system  of 
measurements  of  carrying  capacity  and  amount  of  water  used  by  existing  ditches  has  been 
carried  on  during  the  summer  to  obtain  data  for  use  in  the  adjudication  and  to  determine 
the  duty  of  water  in  this  region. 
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The  following  form  of  petition  has  been  circulated  among  those  already  owning  lands 
within  the  project : 

To  the  HonordbU  Secretarp  of  the  Interior,  WcuhiTigUm,  D.  C. 

8ui:  Whereas  the  United  States  Reclamation  Service,  operating  under  your  direction,  in  aocordanoe 
With  the  reclamation  act  of  June  17, 1002,  has  made  a  somewhat  complete  reconnaissance  and  preliminary 
survey  of  the  land  and  irrigation  possibilities  of  the  Sun  River  Valley  and  lands  adjacent  thereto  in 
the  counties  of  Cascade,  Teton,  Chouteau,  and  Lewis  and  Clarke,  Mont. 

And  whereas  we,  the  undersigned,  being  the  actual  owners  or  occupants  tmder  the  laws  of  the  United 
States  of  the  lands  lying  in  the  above-described  valley,  are  fully  convinced  that  irrigation  would  be  of 
great  value  to  our  lands,  and  are  therefore  desirous  of  availing  ourselves  of  the  construction  of  an  irri- 
gation system  under  the  terms  of  the  reclamation  act; 

Resolved,  That  we  respectfully  petition  that  you  direct  that  the  detail  surveys  and  computations 
necessary  for  an  approximate  determination  of  the  extent  of  the  proposed  system,  and  the  amount  of 
money  per  acre  which  must  be  returned  to  the  reclamation  fund  in  accordance  with  the  provisions  of 
said  act,  be  prosecuted  to  a  conclusion  as  speedily  as  is  consistent  with  effective  and  economical  methods; 

A  ndfttrtker  resolved ,  That  we  hereby  agree ,  when  a  project  in  compliance  with  said  act  has  been  found 
and  declared  feasible  by  you,  and  when  authorized  to  do  so,  to  form  a  water  users'  association  nnder 
such  rules  and  regulations  as  you  may  properly  prescribe,  and  to  subscribe  for  water  for  the  tracts  of 
land  described  after  our  names,  said  tracts  of  land  being  specifically  shown  on  the  accompanying  plat. 


Of  the  private  land  on  the  north  side  37  per  cent  had  been  signed  for  up  to  the  middle  of 
October.  It  is  expected  that  by  the  time  the  adjudication  is  completed  nearly  the  whole 
acreage  of  private  land  will  be  represented  upon  the  petition. 

CliARK  FORK  RECONNAISSANCE. a 

Clark  Fork  heads  in  the  Rocky  Mountains  close  to  the  northeast  comer  of  Yellowstone 
National  Park,  in  Wyoming,  and  runs  in  a  general  easterly  course  in  Wyoming  for  about  40 
miles,  receiving  in  this  stretch  several  important  tributaries,  so  that  when  it  leaves  the  can- 
yon it  has  become  a  stream  of  sufficient  size,  when  regulated  by  some  storage,  to  irrigate 
200,000  acres.  After  leaving  the  canyon  it  runs  northward  until  it  empties  into  Yellow- 
stone River  at  a  point  20  miles  west  of  Billings,  Mont. 

In  Wyoming  some  irrigation  has  been  accomplished  by  farmers  whose  lands  lie  along  its 
banks  on  either  side.  In  Montana  irrigation  has  been  practiced  for  several  years  throughout 
its  whole  length,  approximately  all  of  the  lowland  lying  close  to  it  having  been  supplied 
with  its  water.  Most  of  the  canals  for  watering  this  lowland  have  been  taken  out  by  the 
farmers  themselves,  but  some  of  them  have  been  built  by  companies. 

About  fifteen  creeks  are  tributary  to  Clark  Fork  throughout  its  whole  length.  These 
streams  are  dry  all  the  year  except  during  the  snow-melting  period  and  the  rainy  season. 
They  vary  in  length  from  2  to  12  miles,  and  most  of  them  enter  the  main  stream  at  right 
angles.  Some  of  them  are  steep  in  grade,  particularly  near  the  divide  separating  the  Clark 
Fork  from  the  Rocky  Fork  drainage.  Along  the  larger  streams  in  many  places  are  small 
tracts  of  land  that  carry  soil  of  fine  quality,  which,  at  a  few  places  where  water  has  been 
run  onto  it,  is  '^ery  productive.  These  tracts  are  small  and  are  broken  by  small  drainage 
ways,  so  that  a  piece  of  land  640  acres  intact  is  seldom  seen.  Long  lines  of  lateral  ditches 
will  therefore  be  required  to  reach  the  irrigable  areas.  The  total  area  available  for  irriga- 
tion may  be  large,  but  it  is  long  drawn  out. 

The  general  idea  of  the  reconnaissance  was  to  obtain  information  as  to  the  possibility 
of  diverting  water  in  the  vicinity  of  the  canyon,  and  of  taking  it  across  the  divide  into  the 
Rocky  Fork  drainage,  thus  heading  all  the  creeks  draining  into  the  fork,  and  then  to  again 
divert  it  northward  from  the  Rocky  Ford  onto  some  of  the  benches  ubat  the  Yellowstone 
River,  where  the  fork  empties  into  it.    This  reconnaissance  is  now  under  way. 

During  the  last  days  of  August,  1905,  and  the  few  days  following  in  September,  J.  A. 
French,  engineer,  made  a  barometric  reconnaissance  of  the  locality  from  the  canyon  to 
the  junction  of  the  fork  with  the  Yellowstone,  with  a  yiew  of  estimating  the  amount  of  irri- 


a  From  report  by  James  A.  French. 
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gable  land  and  of  determining  where  a  diversion  might  be  made  in  the  canyon.  The  mag- 
nitude of  the  scheme  and  the  diversified,  broken  character  of  the  country  prevented  an 
estimate  of  the  land  area,  while  the  point  of  diversion  might  be  at  «ny  place  within  the  first 
15  miles  in  the  canyon.  These  facts  having  been  reported  to  H.  N.  Savage,  supervising 
engineer,  it  was  decided  that  a  rough  plane-table  reconnaissance  of  the  entire  area  should 
be  made  immediately. 

A  party  under  J.  A.  French  began  field  work  on  September  7  to  obtain  an  approximate 
estimate  of  the  length  and  cost  of  main  canal  line,  the  course  of  the  lines  of  distribution 
of  water,  and  the  area  pf  first  and  second  class  irrigable  land  that  might  be  served.  The 
tables  below  show  approximately  the  amount  of  land  available  for  irrigation  on  the  creeks 
named  (though  more  may  be  reported  later)  and  the  approximate  length  of  line  of  main 
canal. 

Length  of  carial  between  specified  points  on  Clark  Fork,  Montana. 

Feet. 

Canal  in  canyon 32, 000 

Canyon  to  State  line  (Wyoming-Montana) 91, 000 

State  line  to  Grove  Creek 79, 000 

Grove  Creek  to  South  Fork  of  Bear  Creek 40, 000 

South  Fork  of  Bear  Creek  to  head  of  Sand  Creek 85, 000 


Total 327,000 

Approximate  areas  in  aires  irrigable  f  ram  tributaries  of  Clark  Fork,  Montana. 


Bennett  Creek,  Wyoming 

Line  Creek,  Wyoming 

Tollmans  Bench,  Montana 

Dillworth  Creek,  Montana 

Grove  Creek,  Montana 

Wolf  Creek,  Montana 

Bear  and  Belfrey  creeks,  Montana 

Dry  Creek  (about  one-half),  Montana 

Between  Dry  and  Sand  creeks,  Montana  . 
Sand  Creek,  Montana 


Total. 


First 

Second 

class. 

class. 

2,130 

3,500 

3,000 

1,000 

1,000 

1,080 

3,500 

1,220 

4,000 

1,680 

500 

460 

1,200 

560 

2,200 

1,000 

1,600 

2,000 

4,000 

2,720 

24,500 

13,850 

Total. 

5,630 
4,000 
2,080 
4,720 
5,680 
960 
1,760 
3,200 
3,600 
6,720 


38,350 


The  reconnaissance  so  far  has  discovered  considerable  land  that  can  be  watered,  and  has 
shown  that  a  long  line  of  main  canal  will  be  necessary  through  very  rough  country;  that  the 
excavation  will  be  to  a  considerable  extent  in  rock ;  that  one  or  two  tunnels  will  be  necessary, 
and  that  the  irrigable  land  is  distributed  over  a  great  area  and  is  intercepted  by  numerous 
hills  and  valleys.  The  water  supply,  according  to  measurements  made  during  the  past  sea- 
son, is  ample.    A  gaging  station  will  hereafter  be  maintained  on  Clark  Fork. 

The  soil  that  would  come  under  this  proposed  canal  being  very  productive,  a  high  cost 
per  acre  may  be  expected  should  sufficient  irrigable  land  be  found.  The  owners  of  land 
along  the  fork  will  be  a  unit  in  favor  of  the  project  if  it  should  be  found  feasible. 

CROW  RESERVATION  PROJECT. 

LOCATION. 

The  lands  to  be  irrigated  imder  the  Crow  Reservation  project  (see  PI.  XXXll)  are  in 
southwestern  Montana  and  lie  mostly  inside  the  present  limits  of  the  reservation;  a  large 
part  of  them  are  within  the  ceded  strip  which  will  be  opened  to  settlement  under  the  pro- 
yisions  of  the  act  of  Congress  approved  April  27,  1904.    They  are  adjacent  to  Yellowstone 
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and  Bighorn  rivers,  and  it  is  proposed  to  irrigate  them  by  a  system  depending  upon  these 
rivers  for  the  water  supply.  Their  altitude  varies  from  about  2,500  to  3,300  feet  above  sea 
level.  The  principal  town  and  supply  point  for  the  region  is  Billings,  which  is  situated  in 
the  Yellowstone  Valley  on  the  Northern  Pacific  Railway  at  the  terminus  of  the  Burlington 
route.  Billings  is  about  8  miles  west  of  the  reservation  line.  Forsythe,  on  the  Northern 
Pacific  Railway,  is  a  few  miles  east  of  the  reservation  and  would  be  the  supply  point  for  the 
Yellowstone  Valley  below  the  mouth  of  the  Bighorn. 

LANDS. 

Under  an  act  of  Congress  approved  April  27, 1904,  the  Crow  Indians  ceded  to  the  United 
States  a  strip  of  land  including  the  northern  part  of  their  reservation,  embracing  about 
1,100,000  acres,  and  the  United  States  agreed  to  dispose  of  the  land  ceded  as  provided  by 
the  reclamation  act,  the  homestead,  town  site,  and  mineral-land  laws.  The  Indians 
on  the  ceded  strip  are  to  have  a  reasonable  time  within  which  to  elect  whether  to  remain 
there  or  to  have  their  improvements  appraised  and  sold  and  to  remove  to  the  diminished 
reservation.  After  the  completion  of  allotments  to  the  Indians,  the  residue  of  the  ceded 
lands  is  to  be  subject  to  withdrawal  and  disposition  under  the  reclamation  act,  in  so  far  as 
feasible  irrigation  projects  are  found  therein;  provided,  however,  that  if  the  lands  with- 
drawn under  the  terms  of  the  reclamation  act  are  not  disposed  of  within  five  years,  all  of 
the  lands  are  to  be  disposed  of  as  are  other  lands  provided  for  in  the  act.  In  addition  to  the 
cost  of  reclamation  the  price  of  these  lands  is  to  be  $4  per  acre  when  entered  imder  the 
homestead  laws,  to  be  paid  as  follows:  One  dollar  per  acre  when  entry  is  made,  and  the 
remainder  in  four  equal  annual  installments,  the  first  to  be  paid  at  the  end  of  the  second 
year. 

SURVEYS. 

During  the  field  season  of  1904  preliminary  surveys  were  made  of  the  irrigable  lands  lying 
south  of  Yellowstone  River  and  west  of  Bighorn  River.  The  result  of  these  surveys  was  to 
outline  three  subprojects  for  consideration  and  further  investigation. 

FORT  CUSTER  SUBPROJECT. 

The  lands  under  this  project  lie  on  the  west  side  of  Bighorn  River  and  extend  from  the 
mouth  of  Two  Leggin  Creek  nearly  to  the  Yellowstone.  The  Burlington  Railroad  crosses 
the  irrigable  lands  at  a  point  opposite  the  mouth  of  the  Little  Bighorn  River,  and  will  afford 
transportation  facilities  for  settlers  on  these  lands.  The  Northern  Pacific  Railway  passes 
close  to  the  southern  extremity  of  this  project  and  will  do  part  of  the  business. 

The  irrigable  lands  lie  in  a  rather  narrow  strip  along  the  river  and  slope  gently  back  to 
the  foot  of  a  high  bench.  They  stand  approximately  3,000  feet  above  sea  level  and  their 
soil  is  rich  and  can  easily  be  drained.  Under  the  canal  there  are  about  28,000  acres  of 
irrigable  land,  of  which  nearly  10,000  acres  lie  within  the  limits  of  the  unceded  portion  of 
the  Crow  Indian  Reservation  and  are  included  within  the  old  Fort  Custer  Military  Reser- 
vation. Most  of  the  Indian  land  has  been  allotted,  and  there  are  a  number  of  old  allot- 
ments in  the  ceded  portion  of  the  reservation  under  the  Fort  Custer  canal  line. 

A  careful  preliminary  survey  of  a  canal  line  43  miles  long  has  been  made.  TTie  topog- 
raphy along  this  line  has  been  taken  by  plane  table  to  a  scale  200  feet=l  inch.  On  this 
basis  .a  paper  location  of  the  canal  line  has  been  made  and  quantities  have  been  estimated. 
The  necessary  head  gates,  creek  crossings,  culverts,  etc.,  have  been  designed  in  a  substantial 
and  permanent  manner  and  tracings  have  been  prepared  for  the  approval  of  a  consulting 
board/  This  project  is  in  such  condition  that  it  can  be  made  ready  for  construction  at 
short  notice.  Aside  from  the  complications  as  to  allotments,  etc.,  noted  above,  this 
project  is  a  very  attractive  one  for  early  construction. 

It  has  been  planned  to  divert  water  from  Bighorn  River  by  means  of  a  weir,  so  that  all 
the  water  may  be  collected,  if  necessary,  without  loss  of  land.  At  present  the  minimum 
dischaige  of  the  river  is  about  1,500  second-feet,  which  is  over  three  times  the  amount  actu- 
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ally  required,  and  during  most  of  the  irrigating  season  there  would  be  a  much  larger  excess. 
A  gaging  station  on  Bighorn  River  was  established  at  Fort  Custer  June  16,  1904,  and  a 
careful  record  has  since  been  made  of  the  gage  heights.  The  maximum  dischaige  in  1905 
was  about  25,000  second-feet. 

WACO-SANDERS  SUBPROJECT. 

This  project  comprises  three  tracts  adjoining  Yellowstone  River  on  the  south.  The 
Waco  tract  extends  from  above  Waco  station,  on  the  Northern  Pacific  Railway,  to  Bighorn 
tunnel,  just  beyond  Custer  station;  a  tract  near  Bighorn  station  lies  at  the  junction  of  Big- 
horn and  Yellowstone  rivers;  the  Sanders  tract  extends  from  Myers  station,  on  the  Morthem 
Pacific  Railway,  to  Armells  Creek,  about  6  miles  west  of  Forsythe. 

The  lands  comprised  in  the  tract  mentioned  above  are  all  of  fine  quality,  those  at  the 
lower  end  being  about  2,500  feet  above  sea  level.  In  the  Waco  tract  there  are  between 
4,000  and  5,000  acres,  at  Bighorn  about  1,500  acres,  and  in  the  Sanders  tract  from  13,000 
to  23,000  acres,  depending  on  the  scheme  of  irrigation  adopted.  All  the  lands  are  in  the 
ceded  portion  of  the  Crow  Indian  Reservation,  except  about  5,000  acres  lying  east  of  the 
reservation  line.    There  are  only  a  few  Indian  allotments  in  the  territory. 

This  project  has  presented  numerous  problems  and  alternatives.  A  field  party  now  at 
work  will  investigate  further  the  Sanders  low-line  canal.  It  b  a  question  whether  it  is 
desirable  to  provide  a  gravity  system  for  about  17,000  acres  or  to  resort  to  power  develop- 
ment and  pumping  so  as  to  incre^ase  this  to  23,000  or  to  27,000  acres.  TTie  Waco  ditch 
can  be  utilized,  at  a  small  relative  expense,  for  the  production  of  power,  and  it  is  proposed 
to  use  this  power  in  pumping  at  Bighorn  and  at  Myers  station,  on  the  upper  end  of  the 
Sanders  tract. 

The  water  for  the  Waco  and  Sanders  tracts  would  be  taken  from  Yellowstone  River 
and  for  the  Bighorn  tract  from  Bighorn  River.  The  supply  from  either  is  ample  and  needs 
no  special  discussion.  The  diversion  for  the  Waco  ditch  was  planned  to  l>e  at  the  river 
bottom,  and  no  provision  was  made  for  a  weir.  The  Sanders  low  line  was  planned  to  be 
handled  in  the  same  way. 

BIGHORN  SUBPROJECT. 

This  project  comprises  a  large  area  of  high  bench  lands  west  of  Bighorn  River,  extending 
from  the  mouth  of  Bighorn  Canyon,  beyond  Peritsa  station,  on  the  Burlington  Railroad. 
The  strip  of  lands  to  be  irrigated  is  about  40  miles  long.  The  map  for  the  Crow  Reserva- 
tion project  shows  the  position  of  these  lands.     (PL  XXXII.) 

The  irrigable  lands  under  the  Bighorn  high  line  are  among  the  finest  on  the  reservation. 
They  are  all  high,  well-drained  bench  lands,  lying  at  an  elevation  of  about  3,200  feet  above 
sea  level,  and  from  50  to  200  feet  above  the  river.  There  would  be  from  40,000  to  50,000 
acres  under  the  canal,  the  amount  depending  on  the  exact  elevation  finally  selected  for  the 
canal.  Somewhat  more  than  half  of  these  lands  lie  within  the  boun'daries  of  the  dimin- 
ished Crow  Reservation.  For  this  reason,  and  also  because  the  cost  of  development  is 
somewhat  high,  it  is  probable  that  some  years  may  elapse  before  the  project  could  be  built. 

In  order  to  cover  the  bench  lands  comprised  in  the  Bighorn  project  a  high  diversion  dam 
at  the  mouth  of  Bighorn  Canyon  will  be  necessary.  The  dam  would  abut  against  solid 
limestone  on  both  sides  and  the  foundation  would  probably  be  of  the  same  material.  Two 
sets  of  soundings  have  been  taken,  but  no  borings  have  been  made.  A  rough  estimate  has 
been  made  for  a  dam  145  feet  high  from  a  foundation  15  feet  below  the  bottom  of  the  river 
bed.  This  dam  would  be  about  130  feet  long  at  the  low-water  surface  of  the  river,  232  feet 
long  at  a  point  80  feet  above  the  river  bed,  and  about  650  feet  long  on  top.  The  canal  line 
recommended  would  have  siphons  at  Beauvais  Creek  and  at  Woody  Creek,  and  a  drop  of 
about  100  feet  at  Two  Leggin  Creek.  This  drop  and  the  high  dam  would  both  furnish  a 
laige  amount  of  power,  which  could  possibly  be  used  for  pumping. 

As  previously  mentioned,  it  is  planned  to  take  the  water  for  this  project  from  Bighorn 
Biver  by  means  of  a  high  diverting  dam.    At  present  there  is  just  abpvit  enough  water  at 
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low  stage  to  satisfy  the  requirements  of  this  project,  the  Fort  Custer  project,  and  the  Indian 
ditch  on  the  east  side  of  the  river,  which  covers  about  30,000  acres.  When  the  Shoshone 
project  and  private  ditches  planned  are  built  in  Wyoming  it  is  probable  that  the  dischaige 
of  the  Bighorn  will  be  materially  decreased,  and  it  is  thought  that  the  diversion  dam  at 
the  mouth  of  Bighorn  Canyon  could  be  increased  in  height  to  provide  for  the  requisite 
amount  of  storage.  A  diversion  dam  and  canal  line  45  feet  lower  than  the  one  estimated 
has  been  recommended,  and  it  would  be  quite  feasible  to  leave  the  dam  alone  and  use 
the  additional  45  feet,  or  so  much  of  it  as  may  be  needed,  for  storage  purposes. 

liAKE  BASIN  PROJECT,  a 

The  lands  to  be  irrigated  under  the  Lake  basin  project  (see  PI.  XXXIII)  are  in  Yellow- 
stone and  Sweet  Grass  counties,  in  a  tract  between  Billings  and  Qreycliff  running  back  35  or 
40  miles  northward  from  Yellowstone  River.  The  two  main  bodies  of  irrigable  land  are  the 
"Lake  basin,''  containing  about  100,000 acres,  in  Tps.  I  to  3  N.,Rs.  19  to  22  E.,  at  elevations 
ranging  from  about  3,900  to  about  4,200  feet,  and  the  **  Twentymile  basin,"  containing  about 
75,000 acres,  in  Tps.  3 and  4  N.,  Rs.  22,  23,  and  24  E.,  at  elevations  ranging  approximately 
from  3,700  to  4,000  feet.  Other  smaller  tracts  may  perhaps  bring  the  total  up  to  250,000 
acres  or  more. 

During  the  field  season  of  1905  reconnaissance  surveys  are  being  made  (1)  to  determine 
roughly  the  amount  of  irrigable  land  and  (2)  to  run  a  line  to  show  roughly  the  length  and 
position  of  the  canal  that  may  be  necessary. 

The  latter  survey  has  so  far  shown  that  in  order  to  get  water  into  the  Lake  basin  at  an 
elevation  of  4,200  feet  it  will  be  necessary  to  construct  a  canal  heading  probably  between 
Big  Timber  and  Livingston  and  running  for  about  200  miles  along  the  southern  slope  of  the 
Sweet  Grass  divide.  Much  of  this  distance  will  be  rock  work  and  there  is  a  considerable 
amount  of  cross  drainage.  There  is  some  possibility  that  by  raising  the  line  about  400  feet 
a  tunnel  may  be  made  from  a  branch  of  Sweet  Grass  Creek  through  the  divide  into  the  Lake 
basin.  After  getting  around  the  end  of  the  Sweet  Grass  divide  the  line  runs  for  about  55 
miles  around  the  Lake  basin  and  a  smaller  basin  on  its  northern  side,  known  as  the  Hailstone 
basin — ^in  which  it  may  be  possible  to  provide  storage — leaves  this  basin  by  a  tunnel,  and  in 
about  7  miles  enters  the  Twentymile  basin,  continuing  about  45  miles  around  that  basin  and 
dropping  about  300  feet  near  its  northern  end. 

The  railroad  land  in  this  area  is  now  all  in  private  ownership.  But  very  little  public  land 
has  been  taken  up. 

MADISON  RIVER  PROJECT. « 

GENERAL  DESCRIPTION. 

A  number  of  tracts  of  irrigable  land  lie  along  Madison  and  Missouri  rivers  in  western 
Montana,  comprising  a  total  of  about  175,000  acres  of  first-class  land,  50,000  acres  of  second- 
class  land,  and  12,000  acres  of  third-class  land.  A  rough  preliminary  reconnaissance  of  these 
tracts  was  made  in  1904,  which  determined  in  a  general  way  the  areas  to  be  considered  and 
some  of  the  important  elevations  and  conditions  to  be  provided  for,  and  surveys  and  investi- 
gations have  been  undertaken  during  the  field  season  of  1905  to  determine  the  feasibility  of 
irrigating  the  lands. 

The  project  in  general  (see  PI.  XXXIV)  depends  on  the  feasibility  of  constructing  a 
gravity  canal  to  divert  water  from  Madison  River  near  the  mouth  of  Madison  River  Canyon. 
The  water  in  this  canal  must  be  siphoned  across  Jefferson  River.  Alternative  locations  for 
this  structure  have  been  determined  and  the  better  one  will  be  selected  when  detailed  esti- 
mates are  made.  In  addition  to  the  siphon  the  surveyed  line  involves  tunnels  at  Crow  Creek 
divide  and  Milligans  Crap  and  shorter  tunnels  at  other  points,  as  weU  as  a  great  deal  of 
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expensive  rock  work  on  hillsides.  To  re&ch  the  Prickly  Pear  Valley  this  line  as  surveyed 
would  be  about  150  miles  long.  A  second  canal  line,  called  the  Townsend  canal  line,  has 
been  surveyed  from  a  diversion  point  3  miles  above  Toston,  on  the  Missouri  River,  neariy  to 
Oanyon  Ferry,  to  cover  lands  on  the  east  side  of  ^fissouri  River. 

Owing  to  the  appropriation  of  water  from  Madison  and  ^fissouri  rivers  for  water  power 
and  other  purposes,  the  supply  for  irrigation  on  a  lai^  scale  must  be  increased  by  extensive 
storage  of  the  flood  waters  of  Madison  River.  Surveys  for  a  dam  in  Madison  Canyon  and 
for  a  reservoir  site  in  upper  Madison  Valley  have  been  made. 

LANDS. 

llie  lands  have  been  outlined  by  means  of  topographic  surveys  and  traverse  lines.  In 
this  way  the  acreages  have  been  determined  and  will  be  mapped.  The  lands  lie  at  eleva- 
tions ranging  approximately  from  3,750  to  4,400  feet  above  sea  level.  The  classification  was 
made  at  the  same  time  as  the  surveys  by  general  inspection  of  the  nature  of  the  soil,  includ- 
ing observations  as  to  its  freedom  from  alkali  and  stones.  First-class  land  is  practically 
free  from  alkali  or  stones,  and  lies  well  for  irrigation.  Second-class  land  has  some  alkali  or 
stones  and  may  be  more  or  less  broken.  Third-class  land  is  rough,  contains  considerable 
alkali,  is  poor  and  stony,  or  is  a  combination  of  these.  A  considerable  portion  of  the  lands 
is  in  private  ownership,  but  the  amount  so  held  can  not  be  determined  until  the  map  has 
been  completed. 

The  following  table  gives,  in  acres,  the  main  bodies  of  land: 

Land  under  Madison  River  projed. 


The  Prickly  Pear  Valley  (elevation,  3,750  to  4,000  feet) ,  near  Helena. . . 

Winston  Slope  (elevation  3,800  to  4,300  feet) 

Crow  Creek  Valley  (elevation  3,900  to  4,400  feet) 

South  of  Crow  Creek  Divide 

£a8t  of  the  Missouri  River  (after  deducting  14,000  acres  now  irrigated) 

Total 


First 
class. 


Second 
class. 


44,000  i 
11,000  I 
46,000  I 
38,000 
35,000 


15,000 
12,000 
10,000 
10,000 
2,400 


174,000  ,      49,400 


Third 
class. 


1,600 
9,000 
1,500 


12,100 


The  following  lands  have  been  withdrawn  from  entry  by  the  honorable  Secretary  of  the 
Interior,  by  letter  dated  Februaiy  7,  1905,  excepting  any  tracts  the  title  to  which  has 
passed  from  the  United  States: 

Land  comprised  under  first  form  of  withdrawal, 
[Montana  principal  meridian.] 


Town- 
ship. 

Range. 
IE. 

Section. 

IS. 

1,4-8, 12, 13, 17-20, 24, 25, 30, .%, 

2S. 

IE. 

1,12,13,24,25,34,36,36. 

3S. 

IE. 

2,3,9,10,11,15,16,21,22,27,28,33,34. 

IS. 

2E. 

6,7,18,19,30,31. 

2S. 

2E. 

6,7,18,19,30. 

IS. 

IW. 

1-4,12,13,24,26. 

IN. 

IE. 

25-29,32-36. 

IN. 

2E. 

30,31. 

IN 

IW. 

1,2,10,11,12-17,20-29,32-36. 

2N. 

IW. 

1,2,11-16,22-26,35,36. 
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Land  comprised  under  second  form  of  withdrawal. 
[Montana  principal  meridian.] 


Town- 
ship. 

Range. 
IE. 

Section 

IN. 

1-24,30,31. 

2,3,4,5N. 

IE. 

All  sections. 

6N. 

IE. 

1-3,12,13,24-36. 

7N. 

IE. 

1-5,8-17,21-28,34-36. 

8,9  N. 

IE. 

All  soctlons. 

IN. 

2E. 

5-8,17-20,29,32. 

2N. 

2E. 

3-8,17-21,30-32. 

3N. 

2E. 

1-24,27-34. 

4N. 

2E. 

All  sections. 

5N. 

2E. 

4-10,14-23,25-36. 

6N. 

2E. 

6-8,16-21,28-33. 

7N. 

2E. 

6,7,18,19. 

4N. 

1  W. 

.1,2,1 1-14, 23-2(i,  35, 36. 

8N. 

IW. 

1,2,11,12. 

9N. 

1  W. 

1-18,22-27,34  3G. 

SURVEYS. 

During  the  field  season  of  1905  preliminary  surveys  of  the  different  main  canal  lines  and 
irrigable  lands  have  been  carried  on.  Besides  the  lines  of  the  Madison  River  main  canal 
and  the  Townsend  canal,  shown  on  the  accompanying  map  (PI.  XXXIV),  a  number  of 
alternative  and  reconnaissance  lines  have  been  run  and  a  general  reconnaissance  has  been 
made  of  Madison  and  Jefferson  rivers.  These  surveys  will  furnish  data  for  an  estimate 
of  the  cost  of  the  canal  lines  examined.  The  following  elevations  of  controlling  points  on 
the  main  canal  line  have  been  determined,  the  point  of  diversion  being  limited  to  places 
below  Cottonwood  Gulch  by  the  existence  of  a  power  plant  in  the  canyon  above: 

Elevations  of  controlling  points  on  main  caned  line,  Madison  River  project. 

Feet 

Madison  River  at  diversion  near  Cottonwood  Gulch 4, 510 

Jefferson  River  at  lower  canyon  near  Sappington 4, 160 

Milligans  Gulch  divide 4, 634 

Crow  Creek  divide 4, 519 

Winston  Pass 4,361 

Two  sites  for  crossing  Jefferson  River  have  been  examined,  one  at  the  lower  canyon 
near  Sappington,  requiring  a  siphon  about  11,000  feet  long,  the  other  below  Willow  Creek, 
requiring  about  18,000  feet  of  siphon. 

WATER  SUPPLY. 

The  discharge  of  Madison  River  is  given  by  the  records  at  the  gaging  station  below  Red 
Bluff.  There  is  a  gaging  station  on  the  Jefferson  at  Sappington,  on  the  Gallatin  at  Logan, 
and  on  the  Missouri  at  Cascade.  A  study  of  these  records  will  enable  the  amount  of  storage 
water  available  to  be  determined. 

Power  plants  on  the  Missouri  River  at  Canyon  Ferry  and  lower  down  now  find  the  low- 
water  flow  of  that  river  insufficient.  There  are  also  a  considerable  number  of  small  private 
ditches  taking  water  from  the  Missouri  and  Madison  rivers. 

A  power  company  has  provided  some  storage  by  a  dam  in  the  Madison  River  Canyon, 
forming  a  reservoir  in  the  basin  above.  It  may  be  possible  to  increase  the  height  of  this 
dam  and  thereby  provide  a  considerable  amoimt  of  storage. 
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SCALE   OF    MILES 

10  15  2C 


GENERAL  MAP  OF  PROPOSED  MADISON  RIVER  PROJECT,  MONTANA. 
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OPERATIONS  IN  NEBRASKA. 

By  Chaklbs  £.  Weixs. 
NORTH  PliATTE  PROJECT. 

Prior  to  1904  investigations  had  been  begun  on  the  North  Platte  project  and  consid- 
erable progress  had  been  made  in  work  leading  to  the  irrigation  of  lands  in  the  valley  of 
the  North  Platte.  As  the  work  proceeded  it  became  apparent  that,  in  order  to  reclaim  any 
considerable  area,  storage  must  be  provided.  The  flow  of  the  North  Platte  at  the  Wyoming- 
Nebraska  line  was  found  to  be  so  small  that  there  was  already  a  scarcity  of  water  when  the 
river  was  low,  and  the  securing  of  adequate  storage  was  therefore  a  matter  of  the  utmost 
importance.  Investigations  of  the  Sweetwater  reservoir  had  proved  its  impracticability  on 
account  of  the  shortage  of  water.  The  Pathfinder  reservoir  site,  however,  lying  in  the  valley 
of  the  North  Platte  at  its  junction  with  the  Sweetwater,  was  found  to  be  adequate.  Surveys 
had  been  made  of  the  valley  and  of  the  dam  site  and  the  conditions  in  both  were  found  to  be 
fiBoeptiooaSy  lavvmble.  As  has  alraady  been  reported,  the  ci^iacity  will  exceed  1,000,000 
acre-feet  and  the  cost  will  be  scarcely  more  than  $1  per  acre-foot,  the  reservoir  being 
capable  of  controlling  all  the  surplus  flow  of  the  river  for  the  entire  year,  unless  the  dischaige 
be  exceptionally  large. 

The  dam  is  located  in  a  solid-rock  box  canyon  3  miles  below  the  mouth  of  the  Sweetwater. 
At  the  point  selected  for  the  dam  the  canyon  varies  in  width  from  60  feet  at  the  bottom  to 
160  feet  at  the  top;  its  extreme  height  from  bed  rock  is  about  200  feet.  Diamond-drill 
borings  made  in  1003  show,  perfect  foundations  of  granite. 

The  necessary  storage  having  been  provided,  the  next  step  was  to  find  land  on  which  water 
could  be  used  and,  contrary  to  expectation  and  popular  belief,  this  proved  to  be  far  the  most 
serious  and  difficult  problem.  The  fall  of  the  North  Platte  is  from  4  to  6  feet  per  mile.  It 
flows  in  Wyoming  through  a  channel  bordered  by  very  narrow  and  small  areas  of  bottom 
land,  from  which  the  hills  rise  abruptly  at  a  height  of  from  100  to  500  feet,  necessitating 
long  and  expensive  canals. 

SWEETWATER  VALLEY  CANALS. 

No  work  has  been  done  during  the  past  year  in  the  Sweetwater  Valley,  and  for  the  present 
no  investigations  will  be  made  on  this  part  of  the  work. 

ALCOVA-CASPER  CANAL. 

In  a  further  effort  to  secure  land  for  reclamation  as  high  up  on  the  stream  as  possible,  a 
Une  was  run  from  Alcova,  about  8  miles  below  the  Pathfinder  reservoir,  to  a  point  about 
8  miles  north  of  Casper. 

The  project  contemplated  a  fiO-foot  dam  at  Alcova,  and  the  canal  was  to  be  extended 
indefinitely  eastward  to  cover  lands  on  the  north  side  of  the  divide  between  North  Platte 
River  and  the  tributaries  of  the  Missouri  as  weU  as  lands  in  the  vaUey  of  the  North  Platte. 

The  canal  to  the  point  south  of  Caspar  would  have  a  length  of  about  80  miles.  It  would 
traverse  country  in  which  construction  would  be  very  expensive  and  maintenance  uncertain 
and  costly.  For  miles  it  would  skirt  shale  and  gypsum  hills,  cross  deep  arroyos,  and  pene- 
trate narrow  adobe  or  shale  ridges.    The  results  of  the  surveys  were  as  follows: 
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Land  under  Alcova-Casper  canal  projnl. 

Acres. 

Amount  of  land  under  canal 40, 000 

Amount  of  irrigable  land 30, 000 

On  the  recommendation  of  the  district  engineer  the  board  of  consulting  engineers  ordered 
that  nothing  more  be  done  at  present  on  this  project. 

CASPBR-DOUGLAS  CANAL. 

SOUTH   SIDE. 

The  Casper-Douglas  canal  extends  from  a  point  about  8  miles  above  Casper,  on  the  south 
side  of  the  river,  nearly  to  Inez.  A  preliminary  survey  to  ascertain  the  probable  amount  of 
land  that  could  be  covered  was  made  in  June  and  July,  1904. 

A  canal  60  miles  long  would  cover  all  the  irrigable  land  on  the  first  bench  above  the  river, 
the  greater  acreage  being  in  small  valleys  on  the  tributary  streams.  The  area  covered 
would  be  about  25,000  acres.  It  is  possible'to  enlarge  the  project  considerably  by  extending 
it  to  the  Fetterman  Flats  and  by  irrigating  the  lands  at  Careyhurst.  The  latter  now  have 
a  sufficient  supply  from  Boxelder  Creek,  but  if  all  the  land  under  the  proposed  canal  were 
irrigated  from  Boxelder  Creek  the  released  water  could  be  used  on  land  higher  up  on  the 
Boxelder  and  an  equal  amount  of  land  now  desert  could  be  reclaimed. 

Nearly  all  the  land  is  in  private  ownership,  and  much  is  held  in  laige  tracts,  notably  the 
Careyhurst  lands  and  the  Fetterman  Flats.  It  is  probable  that  a  cooperate  plan  can  be 
worked  out  by  the  owners  of  the  land ;  or,  in  the  hands  of  a  water-users'  association,  the  pro- 
ject could  be  made  feasible  by  bringing  all  the  private  lands  into  the  project. 

During  1905  no  work  was  done  on  the  Casper  canal,  the  efforts  of  the  engineers  having 
been  confined  to  those  projects  which  appeared  more  favorable  and  more  feasible. 

NOHTH   SIDE. 

The  north-side  canal  was  surveyed  late  in  the  fall  of  1903  by  A.  J.  Parshall.  Lines  had  been 
previously  run  by  Elwood  Mead  and  W.  D.  Pease.  Wooden  flumes  and  works  of  cheaper 
and  less  permanent  character  than  would  be  put  in  by  the  Government  were  contemplated. 
The  area  covered  is  more  than  25,000  acres,  much  of  which,  however,  is  rough  and  not 
irrigable.    Probably  there  are  between  15,000  and  20,000  acres  of  good  land. 

Most  of  the  land  under  this  canal  is  in  private  ownership.  Further  surveys  and  examina- 
tions on  both  the  north  and  the  south  canal  are  intended,  but  before  these  are  made  the 
people  of  the  district  should  indicate  whether  or  not  they  desire  the  work  to  be  done  and 
what  proportion  of  the  land  held  in  private  ownership  will  be  subscribed. 

QOSHEN  HOLE  CANAL. 

At  Qoshen  Hole  the  entire  season  of  1903  was  consumed  in  making  preliminary  locations 
and  gathering  data  for  preliminary  estimates. 

Hie  canal  would  be  about  140  miles  long,  of  which  about  6  miles  would  be  tunnel.  Many 
reservoir  sites  along  the  line  could  be  easily  developed  and  would  be  of  great  utility  to  the 
system.  There  are  about  150,000  acres  of  irrigable  land  under  the  canal,  probably  10,000 
more  which  can  be  reached  by  pumping,  and  5,000  more  which  lie  under  a  short  canal  on 
the  north  side  of  the  river  at  Quemsey.  The  lift  would  not  be  great  and  the  power  could 
be  economically  generated  at  the  diversion  dam  at  Guernsey.  This  diversion  dam  will 
necessarily  be  rather  expensive,  being  125  feet  long  at  low  water  and  about  1,400  feet  long 
at  its  crest. 

The  land  in  Goshen  Hole  is  of  good  quality,  though  somewhat  rolling  and  in  places  broken. 
On  October  1,  1904,  borings  with  diamond  drill  were  begun.  Topographic  surveys  of  the 
upper  6  miles  of  the  cfmal  were  made  in  the  spring  of  1904. 
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No  work  was  done  on  the  Goshen  Hole  canal  during  1905  except  boring  for  foundations  in 
the  vicinity  of  Guernsey.  This  work  showed  that  the  foundation  for  the  proposed  dam 
probably  exceeded  90  feet  below  the  present  surface,  and  that  it  would  be  impracticable  to 
construct  a  masonry  dam  at  this  point.  The  borings  extended  from  Fairbanks  to  a  point 
about  3  miles  upstream.  Bed  rock  was  not  reached  at  any  point,  though  none  of  the  holes 
drilled  were  less  than  75  feet  deep.  It  will  probably  be  necessary  to  construct  a  heavy  rock- 
fill  dam  at  Fairbanks,  material  for  which  can  be  obtained  at  a  low  cost.  The  material  pro- 
posed to  be  used  consists  of  the  waste  from  the  iron  mines  at  Sunrise.  It  is  proposed ,  during 
the  coming  winter,  to  take  up  the  consideration  of  this  dam,  and  plans  have  been  prepared  for 
submission  to  the  board  of  consulting  engineers  in  the  faU  of  1906.  Judging  from  the  prices 
obtained  for  work  on  the  interstate  canal,  it  is  probable  that  the  first  estimates  of  the  cost 
of  the  Goshen  Hole  canal  were  high.  The  project,  however,  depends  on  the  feasibility  of 
erecting  a  rock-fiU  dam  at  Fairbanks. 

PORT  LARAMIE  CANAL. 

During  the  summer  of  1904  a  preliminary  line  was  run  on  the  south  side  of  the  North 
Platte  River,  in  Laramie  County,  Wyo.,  beginning  about  8  miles  west  of  old  Fort  Laramie, 
at  the  point  where  the  proposed  interstate  canal  will  head  but  on  the  opposite  side  of  the 
river. 

The  land  imder  the  Fort  Laramie  canal,  as  shown  by  the  preliminary  survey,  embraces 
fiearly  50,000  acres,  about  equally  divided  between  Wyoming  and  Nebraska.  The  line  as  run 
was  about  120  miles  in  length  and  ended  at  a  point  about  5  miles  east  of  Gering,  Nebr. 
The  land  covered,  especially  that  in  Nebraska,  is  of  the  best  quality. 

With  reference  to  this  canal  two  propositions  present  themselves — whether  it  would  be 
more  economical  to  build  the  Goshen  Hole  canal  with  a  capacity  sufficient  to  irrigate  the 
50,000  acres  under  the  Fort  Laramie  canal  or  to  make  the  Goshen  Hole  canal  smaller  and  to 
irrigate  the  50,000  acres  from  a  lower  line  canal,  such  as  the  Fort  Laramie.  One  of  these 
two  courses  will  probably  be  adopted.  If,  however,  the  cost  of  construction  of  the  Groshen 
Hole  canal  proves  prohibitive,  the  information  at  hand  seems  to  indicate  that  the  Fort 
Laramie  canal  can  be  constructed  with  a  reasonable  expenditure. 

During  1905  the  matter  of  the  construction  of  the  Fort  Laramie  canal  was  taken  up  by 
the  citizens  in  the  vicinity  of  Gering,  especially  by  those  having  land  under  the  Goring 
canal.  About  16,000  acres  of  land  are  now  receiving  water  from  the  Gering  canal.  The 
maintenance  charges,  however,  are  very  high,  and  as  the  district  is  heavily  bonded  the 
water  users,  in  view  of  the  great  cost  of  maintenance,  the  uncertainty  of  obtaining  a  supply 
of  water,  and  the  desire  to  increase  the  irrigable  area  by  bringing  under  cultivation  the  lands 
above  the  Gering  canal,  have  indicated  their  willingness  to  enter  into  contract  with  the 
Secretary  of  the  Interior  for  a  supplemental  supply  of  water  for  their  lands.  It  is  estimated 
that  about  $250,000  will  be  derived  from  this  source,  which  will  materially  aid  the  Govern- 
ment in  its  effort  to  irrigate  lands  under  the  proposed  Fort  Laramie  canal.  It  is  possible  that 
other  canals  and  other  water  users  will  require  water  from  the  Fort  Laramie  canal,  in  which 
case  the  probability  of  the  construction  of  the  canal  is  greatly  increased. 

PATHFINDER  DAM. 

Bids  for  the  construction  of  the  Pathfinder  dam  (PI.  XXXV  and  AAA  V 11)  and  auxiliary 
works  were  opened  at  Denver,  Colo.,  June  15,  1905,  and  a  contract  for  the  work  was  sub- 
sequently awarded  to  Bradbury  &  O'Gara,  of  Denver,  Colo.,  who  declmed  to  enter  into  a 
contract  with  the  Secretary  of  the  Interior.  The  work  was  readvertised  and  bids  were 
opened  at  Denver,  August  16,  1905.  There  were  six  bidders.  As  the  lowest  bidder  was 
not  thought  to  have  the  equipment  and  experience  necessary  for  so  important  a  work,  the 
contract  was  awarded  September  1, 1905,  to  The  Geddes  &  Seerie  Stone  Company,  of  Den- 
ver, C0I0.7  the  second  lowest  bidders,  at  $482,000.  The  contract  was  promptly  signed  and 
work  on  the  excavations  was  begun  Septemper  25, 1905. 
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An  abstract  of  the  bids  received  is  given  below: 

Bids  received  for  the  construction  of  the  Pathfinder  dam,  Norih  Platte  project* 


Description  of  work. 


Masonry: 

Portion  of  dam  above  ele- 
vation 5,660,  including 
bastions  and  guide  walls. 

Portion  of  dam  below  ele- 
vation 5,660 

Excavation  for  foundation  of 
dam  and  spillways: 

aassl 

Cla^a2 

ClaasS 


Quan- 
tity. 


Cub.  yds. 

50,000 
3,000 


N.  S.  Sherman, 
Oklahoma  City, 
Okla. 


Unit 
price. 


Amount. 


$6.00  1300,000.00 


2,500 

500  I 
2.000  I 

1,000 


8.40 


1.40 
5.60 
2.10 


25,200.00 

3,500.00 
S,  800.00 
4,200.00 


Oeddes  &  Seerie 
Stone  Co.,  611 
Continental 
Building,  Den- 
ver, Colo. 


Unit 
price. 


KUpatrick  Btoa. 
&  Collins  Con- 
tr acting  Co., 
Beatrice,  Nebr. 


Amount. 


16.25 
9.00 


1312,500.00 
27,000.00 


Concrete  in  bridges,  towers,  i 
spillways,  and  guide  walls . . . 

Hauling  cement  from  Casper    -^«^<^-  | 
todamsite I      40,000, 


7.56     •    7,660.00 


2.90     116,000.00 


2.00  5,000.00 
6.00  3,000.00 
4.00  .      8,000.00 

6.50        «,£00.00 

I 
3.00     120,000.00 


Unit 
price. 


$6.80 
15.00 


Amount. 


$340,000.00 
45,000.00 


5.00        12,500.00 
10.00  5,000.00 

6,000.00 


Total 1 0450,260.00 


.  6482,000.00 


3.00 
7.fi0 


7,500.00 


3.25     no,on.«) 


546,000.00 


Description  of  work. 


Masonry: 

Portion  of  dam  above  ele- 
vation 5,660,  including 
bastions  and  guide  walls. 

Portion  of  dam  below  ele- 
vation 5,660 

Excavation  for  foundation  of 
dam  and  spillways: 

Classl 

Class  2 

Class  3 


Quan- 
tity. 


Wyttenbach  & 
Dun  negan , 
Sturgis,  S.  Dak. 


J.  G.  White  Co. 
(Incorporated), 
43  Exchange 
place,  New  York 
City,  N.  Y. 


Concrete  in  bridges,  towers, 
spillways,  and  guide  walls. . . 

Hauling  cement  from  Casper 
to  dam  site 


Total. 


Cub.yds. 


50,000 
3.000 


Unit 
price. 


Amount. 


I 


2,500 

500 

2,000 

1,000 

Barrels. 
40,000 


$7.60 
10.40 

2.50 
6.00 
3.00 

7.00 
3.00 


$375,000.00 
31,200.00 

6,250.00 
3,000.00 
6,000.00 

7,000.00 
120,000.00 


Unit 
price. 


Amount. 


$7.50  $375,000.00 

8.00  '    24,000.00 

I 

2.25  6,625.00 
18.00  9,000.00 
4.50        9,000.00 

12.00 
2.99 


c548.450.00 


12,000.00 


119,600.00 


The  Keltie    Stone 
Co.,JoUet,Ill. 

Unit 
price. 

Amount. 

$8.35 

$417,500.00 

8.65 

25,950.00 

1.21 
3.00 
2.50 

3,025.00 
1,500.00 
5,000.00 

4.75 

4,750.00 

3.00 

120,000.00 

a  Entire  work,  or  none. 


f>  Entire  contract. 


0554,225.00    o577,725.00 


c  All  of  schedule. 
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PATHFINDER,  TUNNEL. 

Bids  for  the  construction  of  the  diversion  tunnel  were  opened  January  9,  1905,  and  the 
contract  awarded  to  Kilpatrick  Bros.  &  Collins  Contracting  Company,  of  Beatrice,  Nebr., 
the  basis  of  award  being  $34,292.50.  The  agreement  was  signed  February  10,  1905. 
The  bids  were  as  follows: 

Abstract  of  bids  for  Pathfinder  tunnel. 


rock, 


Approaches,    solid 
1,000  cubic  yards. 

Loose  material,  2,500  cubic 
yards 

Tunnel  480  linear  feel 

Shafts,  350  linear  feet 

Overhaul,  100  cubic  yards 
per  100  feet 


Total. 


Kilpatrick  Bros. 
&  Collins  Con- 
tracting Co., 
Beatrice,  Nebr. 


Faris-Kesl  Con- 
struction Co. 
(Limited),  Boise, 
Idaho.  I 


Streeter  &  Lusk, 
Denver,  Colo. 


McDonough  & 
Meehan,  engi- 
neering con- 
tractors, Chi- 
cago, 111. 


Unit 
price. 


$1.25 


38.00 
38.00 


.025 


Amount. 


Unit 
price. 


$1,250.00     $2.00 


1,500.00 

18,240.00 

I  13,300.00 

2.50 


1.00 
45.00 
33.00 

.02 


Amount. 


Unit 
I  price. 


$2,000.00     $1.25 


2,500.00 
21,600.00 
11,550.00 

2.00 


57.00 
57.00 


Unit 
price. 


$1,250.00       $2.00 


1,500.00 
27,360.00 
19,950.00 


1.00 
49.00 
140.00 

.20 


Amount. 


$2,000.00 

2,500.00 
23,520.00 
49,000.00 

20.00 


.,34,292.50! 37,652.00  1 150,060.00    77,040.00 

!  It  II  I 


Electric  drills  mounted  on  columns  were  used  in  the  tunnel,  which  was  driven  from  each 
portal  and  taken  out  full  size.  Work  on  the  shafts  was  begun  with  hand  drills,  which 
were  supplanted  by  steam  drills  and  these  in  turn  by  electric  drills.  Operations  in  the 
tunnel  were  suspended  from  May  23  to  July  4  because  of  high  water  in  the  river.  As  soon 
as  the  water  subsided  the  concrete  lining  was  put  in  place.  The  contract  was  completed 
August  15, 1905,  at  a  cost  of  $33,259.75.   The  portal  of  the  tunnel  is  shown  on  PI.  XXXVI,  B. 

PATHFINDER  RESERVOIR. 

Negotiations  are  in  progress  for  the  purchase  of  private  land  which  will  be  overflowed 
by  the  reservoir  and  agreements  have  been  made  with  several  owners  for  the  sale  of  their 
land  to  the  Oovemment. 

PILE  BRIDGE  ACROSS  NORTH  PLATTE  RIVER. 

Bids  were  opened  at  Casper,  Wyo.,  June  29, 1905,  for  the  construction  of  a  pile  bridge 
across  the  North  Platte  River,  about  25  miles  southwest  of  Casper.  This  bridge  is  to  be 
used  in  connection  with  the  construction  of  the  Pathfinder  dam.  The  contract  was  awarded 
to  J.  F.  Stanley,  of  Casper,  Wyo.,  the  lowest  bidder,  at  $3,384.70,  work  to  be  completed 
September  17,  1905.  Immediately  after  the  award  of  the  contract,  Mr.  Stanley  ordered 
material  for  the  work,  and  the  piles  were  promptly  delivered  at  the  bridge  site.  Owing 
to  a  telegraph  operators'  strike  on  the  Northern  Pacific  Railroad  the  work  was  delayed 
and  an  extension  of  time  of  sixty  days  was  granted  the  contractor.  The  contract  was  com- 
pleted October  21,  1905,  at  a  cost  of  $3,114.98. 

ENGINEER'S  CAMP  AT  DAM  SITE. 

A  permanent  camp  has  been  completed  for  the  use  of  the  engineers  in  charge  of  con- 
struction at  the  Pathfinder  dam  site  and  is  now  occupied. 

Larger  office  acconmiodations  have  been  secured  at  Casper,  Wyo.,  and  headquarters 
established  there. 
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INTERSTATE  CANAL,  a 

The  area  under  the  Interstate  canal  (PI.  XXXVIII)  may  amount  to  238,000  acres,  but, 
as  stated  before,  much  of  this  land  can  be  served  by  other  canals.  Division  according  to 
such  service  gives  the  resulU  shown  in  the  following  table: 


Acreage  of  lands  under  interstaU  canal  classified  hy  their 

positions  1 

under  other  canals. 

Lands  under- 

Minimum. 

Probable 
amount. 

Maximum. 

Interstate  canal  only: 

Government '. 

80,000 
10,000 

10,000 
10,000 

80,000 
20,000 

10,000 
10,000 

100,000 

Private 

30,000 

Whalen  Falls  canal: 

Carey  act 

14,000 

Private 

14,000 

Farmers'  canal: 

Controlled  by  sugar  company 

30,000 

Private 

30,000 
10,000 

30,000 

Otber  canals 

20,000 

Total  acreage 

110,000 

160,000 

238,000 

Seventy  per  cent  of  these  lands  are  first-class,  and  the  remaining  30  per  cent  are  almost 
entirely  second-class.  Practically  no  third-class  land  Ls  embraced  in  the  110,000  acres 
estimated,  all  high,  worthless,  and  badly  broken  land  having  been  excluded  as  far  as  possible. 

Whalen  Falls  canal  was  built  and  promoted  primarily  to  irrigate  about  14,000  acres  of 
land  lying  mostly  on  the  east  side  of  Rawhide  Creek,  under  the  Carey  act ;  and,  secondarily, 
to  irrigate  about  an  equal  amount  in  private  ownership,  nearly  all  of  which  lies  west  of 
Rawhide  Creek.    The  canal  has  been  constructed  in  a  temporary  manner. 

The  first  50  miles  of  the  Interstate  canal  lies  upon  the  right  of  way  of  the  Whalen  Falls 
canal,  belonging  to  the  North  Platte  Canal  and  Colonization  Company.  Contract  provid- 
ing for  the  use  of  this  right  of  way  and  authorizing  the  United  States  to  enlarge  the  20  miles 
of  the  canal  already  constructed  was  approved  by  the  Secretary  of  the  Interior  December 
22,  1904.  Among  other  conditions  it  was  agreed  that  the  United  States  would  carry  the 
water  to  which  the  North  Platte  Canal  and  Colonization  Company  was  entitled,  as  the 
same  may  be  flowing  in  the  river,  exclusive  of  stored  water,  and  that  water  would  be  deliv- 
ered for  irrigation  to  the  lands  under  control  of  the  company  **  in  time  for  beneficial  use 
during  the  irrigation  season  of  the  year  1906.'' 

The  contract  for  the  construction  of  the  Interstate  canal  was  drawn  with  the  view  that 
the  canal  could  furnish  water  in  time  for  beneficial  use  within  the  irrigation  season  of  1906, 
as  an  attempt  to  complete  the  canal  by  the  beginning  of  the  season  would  have  involved 
considerable  expense.  The  company,  however,  has  claimed  that  the  water  should  be 
delivered  in  the  early  part  of  the  season  and  the  Department  has  adopted  this  view  of  the 
contract.  Negotiations  are  now  under  way  to  provide  for  completion  of  the  canal  by  the 
beginning  of  the  irrigation  season. 

The  construction  of  the  Farmers'  canal  was  begun  many  years  ago.  It  was  completed 
to  Spotted  Tail  Creek,  just  north  of  Mitchell,  Nebr.  The  canal  heads  just  east  of  the 
Nebraska-Wyoming  State  line,  and,  as  completed,  is  about  20  miles  in  length.  Its  original 
capacity  was  probably  600  second-feet,  but  its  present  capacity  is  probably  not  more  than 
one-third  of  that  amount. 

About  1893  financial  difficulties  overtook  the  company  and  construction  was  suspended. 
It  has  not  been  resumed,  and  until  recently  the  abandonment  of  the  extension  was  gen- 
erally conceded.  Some  months  ago  a  petition  was  circulated  among  the  owners  of  land 
under  the  uncompleted  portion  of  the  Farmers'  canal,  asking  the  Government  to  construct 


a  From  report  by  John  E.  Field. 
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the  interstate  canal  of  sufficient  capacity  to  irrigate  these  lands.  The  amount  of  land 
represented  by  these  petitioners  was  about  30,000  acres. 

The  headworks  of  the  Interstate  canal  will  be  a  diversion  dam  from  6  to  10  feet  above  the 
bed  of  the  river  and  from  300  to  350  feet  in  length.  Its  exact  location  has  not  yet  been 
determined.     Borings  will  be  made' in  the  near  future  to  determine  this  point. 

The  first  20  miles  of  canal  involve  rather  difficult  construction,  but  after  these  are  passed 
few  difficulties  will  be  encountered,  the  most  serious  occurring  at  a  point  where  the  canal 
must  be  carried  about  1  mile  through  sand  hills.  The  greatest  obstacle  there,  however,  is 
not  in  construction  but  in  loss  by  seepage.  For  almost  the  entire  distance  the  excavation 
will  be  in  earth.  Little  sidehill  work  will  be  encountered,  and  the  cost  should  be  rather 
low  for  so  large  a  canal.  There  are  numerous  reservoir  sites  along  the  line  of  canal,  which 
will  simphfy  the  matter  of  seepage  and  the  maximum  demand  upon  the  canal  during  the 
latter  part  of  June  and  early  part  of  July. 

The  topographic  surveys  made  during  1904  covered  about  1 10,000  acres,  75,000  of  which 
were  classified  as  irrigable  land.  During  1905  topographic  surveys  were  continued,  132,640 
acres  having  been  mapped.  About  70  per  cent  of  the  land  in  this  tract  will  be  irrigable. 
The  two  seasons'  work,  therefore,  indicate  that  of  the  242,610  acres  surveyed  about  165,000 
acres  will  be  irrigable.  It  must  be  remembered,  however,  that  about  80,000  acres  of  this 
land  is  under  existing  canals  or  proposed  extensions  of  the  same,  as  indicated  in  the  fore- 
going tabulation,  one-half  of  which  may  not  be  irrigated  from  the  canal. 

The  lateral  system,  contracts  for  which  will  be  let  early  in  the  spring  of  1906,  will  com- 
plete the  system  for  the  first  75  miles.  About  30,000  acres  should  therefore  be  irrigated 
during  the  season  of  1907. 

The  first  contract  for  the  Interstate  canal  was  let  for  work  as  follows:  Divisions  1, 2,6, 
7,  9,  and  10,  Robinson  &  Maney,  St.  Louis,  Mo.,  the  total  estimated  cost  being  $216,368; 
division  3,  Griffiths  &  McDermott,  Chicago,  111.,  $78,135;  division  4,  I>eadwood  Construc- 
tion Company,  Deadwood,  S.  Dak.,  $32,695;  division  5^  Orman  &  Crook,  Pueblo,  Colo., 
$76,647;  division  8,  James  O'Connor,  Morgantown,  Ind.,  $37,560.  V.'ork  is  being  dili- 
gently prosecuted  on  divisions  1  to  6  inclusive  and  also  on  division  8. 
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Bids  for  the  structures  and  for  the  second  50  miles  of  the  canal  were  opened  November  8. 
Abstracts  of  all  the  bids  are  given  below: 

Bids  far  first  contract  ^  InUrstaie  canalf  North  Platte  project. 


Work. 

Quan- 
tity in 
cubic 
yards. 

Orman  &  Crook,, 
•      Pueblo,     Colo., 
ten  S2,000  cash 
checks.a 

1 

Griffith  &  McDer- 
1     mott,  1011  Mer- 
chants' Loan  & 
Trust  Building, 
Chicago.  Ill,  one 
1     120,000  check.a 

Robinson  iSrMaaey, 
1609  Chemical 
Building,  St. 
Louis,  Mo.,  one 
$9,000  certified 
check ,  one  $lfiO0 
cash    check,  five 
$2,000      cash 
checks. b 

s 

Unit 
1  price. 

Amount. 

,    Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Excavation: 

i         Class  1 

260,000 

I0.13J 
.40 

$34,450.00 

10.15 

$39,000.00 
5,000.00 

$0.11.90 

$31, 174. CO 

Class  2 - 

10,000 

4,  f 00. 00 

.50 

.60 

6,000.00 
75.00 

1% 

Class  3 

100 

1,500 

140,000 

.35 

.77 

35.00 
1,165.00 

.35 

.65 

35.00 
975.  CO 

.75 
.80 

Class4 

1,200.00 
1,400.00 

Overhaul 

.01 J 

2,450.00 

.OIJ 

1.750.00 

.01 

Puddle 

1,000 

.40 

400.00 

.75      1          750.00 

.75 

750.  CO 

Total 

42,490.00  I 

47,510.00 

40,699.00 

Excavation: 

Class  1 

330,000 

.12) 

42,075.00 

.12 

39,600.00 

.11.99 

39,667.00 

Class  2 

100 
100 

.46 
.35 

40.00 
35.00 

.50 
.35 

50.00 
35.00 

.60 
.76 

60.00 

2 

ClassS 

76.00 

Class  4 

100 

.72 

72.00 

.60 

(10.00 

.80 

80.00 

Overhaul 

180,000 

.011 

3,150.00 

.01 J 

2,260.00 

.01 

i,8oaoo 

Puddle 

Total 

1,000 

.40 

400.00 

.75 

750.00 

.75 

750.00 

46,772.00 

42.74.'>.00 

42,332.00 

Excavation: 

j 

Classl 

280,000 

.13J 

37,800.00 

.12i    1    35,000.00 

.11.99 

33,.'>72.00 

Class  2 

27,000 

.39 

10,530.00 

.50          13,500.00 

.60 

16,200.00 

a 

,         Clas83 

100 

.35 

35.00 

.35      '           36.00 

.70 

70.00 

Class4... 

38,000 

.72 

27,360.00 

.70          26,600.00 

.75 

28,500.00 

1  Overhaul 

180,000 

.011 

3,150.00 

.01}          2,250.00 

.01 

1,800.00 

Puddle 

Total 

1,000 

.40 

400.00 

.75      ,          750.00 

.75 

750.00 

79,275.00 

78,135.00 

80,802.00 

Excavation: 

Class  1 

45,000 

.14 

6,300.00 

.15 

6,750.00 

.11.90 

5,395.50 

Class2 

79,000 

.39 

30,810.00 

.50 

39,600.00 

.60 

47,400.00 

4 

aass3 

100 
100 

.35 
.72 

35.00 
72.00 

.35 
.60 

35.00 
60.00 

.76 
.80 

76.00 

aass4 

80.00 

Overhaul 

120,000 

.011 

2,100.00 

.Oli 

1,500.00 

.01 

1,200.00 

Puddle 

Total 

1,000 

.40 

400.00 

.75 

760.00 

.76 

750.00 

39,717.00 

48,595.00 

64,900.50 

Excavation: 

Class  1 

346,000 

.14 

48,440.00 

.15 

51,900.00 

.18 

62,280.00 

CIass2 

26,000 

.40 

10,400.00 

..•50 

13,000.00 

.60 

l.'i,600.00 

& 

Class3 

100 

35 

36.00 

.35 

35.00 

75 

75.00 

Class  4 

100 

.72 

72.00 

.60 

60.00 

.m 

80.00 

Overhaul 

670,000 

.02 

13,400.00 

.OIJ 

8,375.00 

.011 

10,050.00 

Puddle 

Total 

10,000 

.43 

4,300.00 

.75 

7,600.00 

.76 

7,600.00 

76,647.00 

80,870.00 

05,685.00 

. 



a  No  conditions. 

f»  This  bid  is  made  on  a  basis  only  of  each  division  as  a  whole. 
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Bids  for  first  contract  ^  Interstate  canal.  North  Platte  project — Continued. 


Work. 

Quan- 
tity in 
cubic 
yards. 

Orman  &  Crook. 
Pueblo,     Colo., 
ten  $2,000  cash 
checks. 

Grifflth  &  McDer- 
mott,  1011  Mer- 
chant's Loan  & 
Trust  Building, 
Chicago,  111  ..one 
$20,000  che<i. 

Robinson  dc  Maney 
1609  Chemical 
Building,  St. 
Louis,  Mo.,  one 
$9,000certifled 
check,  one  $1,000 
cash  check,   five 
$2,000       cash 
checks. 

s 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Unit 
prl.e. 

Amount. 

Excavation: 

Classl 

300,000 
100 
100 
100 

140,000 
1,000 

$0.12 
.46 
.35 
.72 
.01! 
.40 

$36,000.00 
40.00 
36.00 
72.00 
2,450.00 
400.00 

$0.  U/b 
.50 
.35 
.60 
.OIJ 
.75 

$36,100.00 
50.00 
35.00 
60.00 
1,750.00 
750.00 

$0.10.99 
.60 
.76 
.80 
.01 
.76 

$32,970.00 

Cla882  

60.00 

iy 

Class  3 

75.00 

Class  4 

80.00 

Overhaul       

1,400.00 
750.00 

Puddle 

Total 

38,997.00 

1    37,745.00 

35,335.00 

Excavation: 

Class  1 

300,000 
100 
100 
100 

120,000 
1,000 

.12 
.40 
.35 
.72 
.OIJ 
.40 

36,000.00 

40.00 

35.00 

72.00 

2,100.00 

400.00 

.11.7 

.50 

.35 

.60 

.OU 

.75 

35,100.00 
50.00 
35.00 
60.00 
1,600.00 
750.00 

.10.9f 

.60 

.76 

.80 

.01 

.75 

32,970.00 

Class  2 

60.00 

7 

Cla883     

75.00 

Clas84  

80.00 

Overhaul 

1,200.00 
750.00 

Puddle 

Total 

38,647.00 



37,495.00 



35,136.00 

Excavation: 

Class  1 

296,000 
100 
100 
100 

140,000 
1,000 

.12i 
.40 
.35 
.72 
.011 
.40 

8  8  8  8  8  8 

.13 

.50 

.35 

.60 

.Oli 

.75 

38,850.00 
50.00 
35.00 
60.00 
1,750.00 
750.00 

.11.99 

.60 

.76 

.80 

.01 

.75 

36,370.50 

Class  2 

60.00 

g 

Class  3     

76.00 

Class  4 

80.00 

Overhaul 

1,400.00 

Puddle          

750.00 

.     Total 

39,872.00 

40,996.00 

37,735.60 

Excavation: 

Class  1 

282,000 
100 
100 
100 

131,000 
1,000 

.12i 
.40 
.35 
.72 
.Oli 
.40 

35,250.00 

40.00 

36.00 

72.00 

2,292.60 

400.00 

.11.7 

.50 

.35 

.60 

.Oli 

.75 

32,994.00 
50.00 
35.00 
60.00 
1,637.50 
750.00 

.10.99 

.60 

.75 

.80 

.01 

.75 

30,991.80 

Class  2 

60.00 

^ 

Class  3 

75.00 

Cla8a4 

80.00 

Overhaul 

1,310.00 

Puddle 

750.00 

Total 

38,089.50 

35,626.50 

33,266.80 

Excavation: 

Class  1 

250,000 
100 
100 
100 

126,000 
1,000 

.12J 
.40 
.35 
.72 
.011 
.40 

31,260.00 

40.00 

35.00 

72.00 

2,205.00 

400.00 

.11.7 

.50 

.36 

.60 

.OIJ 

.76 

29,250.00 
60.00 
36.00 
60.00 
1,675.00 
750.00 

.10.99 

.60 

.76 

.80 

.01 

.76 

27.475.00 

Class  2 

60.00 

10 

Class  3 

75.00 

Cla8s4 

80.00 

Overhaul 

1,260.00 
750.00 

Puddle 

Total 

34,002.00 



31,720.00   

29,700.00 
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FOUBTH    ANNUAL   BEPOBT    OF   RECLAMATION    SERVICE. 


BiiBforjvrgl  contradf  Interstate  canal^  North  Platte  project — Continued. 


1 

Work. 

Quan- 
tity in 

CUDiC 

yards. 

James   0.   Connor, 
Moiigantown,  Ind., 
four  $2,000  certi- 
fied checks.** 

Deadwood  Construc- 
tion   Co.,    Dead- 
wood,  8.  Dak.,  two 
12,000       certified 
checks.6 

Kilpatrick  Bros.  & 
Collins    Contract- 
ing Co.,  Beatrice, 
Nebr.,  one  $20,000 
certified  check.* 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Excavation: 

aawl 

200,000 

10,000 

100 

1,600 

140,000 

1,000 

$0.13} 
.37 
.47 
.67 
.OIJ 
.57 

$35,750.00 

aa882 

3,700.00 

1. 

Class  3 

47.00 

Class  4 

1,005.00 

Overhaul 

1,750.00 

Puddle 

570.00 

Total 

1 

42,822.00 

Excavation: 

Class  1 

330,000 
100 
100 
100 

180,000 
1,000 



1 
1 

.131 

.37 

.47 

.67 

.Oil 

.57 

46,375.00 
37.00 

Class  2 

1 

7f 

Class  3 

1 

47.00 

Class  4 

::::::::r:::::::::::: 

67.00 

Overhaul 

i 

2,250.00 

Puddle 

1 

570.00 

Total 

48,346.00 

Excavation: 

Class  1 

280,000 
27,000 
100 
38,000 
180,000 
1,000 

- 

I0.14i 
.29 

:; 

.02 
.60 

$40,600.00 

7,830.00 

35.00 

31,160.00 

3,600.00 

600.00 

.131 

.37 

.47 

.67 

.OIJ 

.57 

38,500.00 
9,990.00 

Class  2 -.. 

aas8  3 

3 

47.00 

aass4 

25,460.00 

Overhaul 

2, 25a  00 

Puddle 

570.00 

Total 

83,725.00 

76,817.00 

Excavation: 

Class  1 

45,000 

79,000 

100 

100 

120,000 

1,000 





.15 
.29 
.35 
1.00 
.02 
.50 

6,750.00 

22,910.00 

35.00 

100.00 

2,400.00 

500.00 

.13: 
.37 
.47 
.67 
.OIJ 
.57 

6,187.50 

Class  2 

29,230.00 

4. 

Class  3 

47.00 

Class  4 

67.00 

Overhaul 

:::::::::::::: 

1,500.00 

Puddle 

:: :::::::: 

570.00 

Total 

32,605.00 

37,601.50 

Excavation: 

Class  1 

346,000 

26,000 

100 

100 

670,000 

10,000 

. 

.131 
.37 
.47 
.67 
.OIJ 
.57 

47,575.00 

Class  2 

9,620.00 

^ 

aass3 

47.00 

Class  4 

67.00 

Overhaul 

8,375.00 

Puddle 

5,700.00 

Total... 

71,384.00 



a  My  bid  In  divisions  Nos.  7,  8, 0,  and  10  is  submitted  under  paragraph  1  of  circular. 
b  This  bid  is  for  all  of  this  division  or  none. 

c  This  proposal  is  made  with  the  understanding  that  if  award  is  made  thereon  contract  shall  cover 
all  work  in  division  1  to  10,  both  inclusive,  on  which  prices  are  named  herein. 
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Bids  for  first  contract,  Interstate  canal,  North  Platte  project — Continued. 


, 

Work. 

Quan- 
tity in 
cubic 
yards. 

James   0.  Connor,    ^'^rfo'^D^ 
Morgantown,Ind.,      ^^J.  g  ««Jt   two 

Kllpatrick  Bros.   & 
Collins  Contract- 
ing Co.,  Beatrice. 
Nebr.,  one  $20,000 
certifled  check. 

1 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Excavation: 

Clasal 

300,000 
100 
100 
100 

140,000 
1,000 

$0.13} 
.37 
.47 
.87 
.Oli 
.57 

$41,250.00 

Class  2 

37.00 

(V 

Cla8s3 

47.00 

Class  4 

"    1 

67.00 

Overhaul 

1 

1,750.00 

Puddle 

1 

570.00 

Total 



1 

43,721.00 

Excavation: 

Class  1 

300,000 
100 
100 
100 

120,000 
1,000 

10.12 
.35 
.45 
.80 
.01 
.60 

$36,000.00 
35.00 
45.00 
80.00 
1,200.00 
600.00 

.131 

.37 

.47 

.67 

.OIJ 

.57 

41,250.00 

Class  2 

1 

37.00 

7 

Class3 

1 

47.00 

Class  4 

i""'. 

67.00 

Overhaul 

1 

1,500.00 

Puddle 

1 

570.00 

Total 

37,960.00 

1 

43,471.00 

Excavation: 
'         Qassl 

295,000 
100 
100 
100 

140,000 
1,000 

.12 
.35 
.45 
.80 
.01 
.60 

35,400.00 

35.00 

45.00 

80.00 

1,400.00 

finn.oo 

1 

.131 

.37 

.47 

.67 

.011 

.57 

40,562.50 

1         Class2 

"'I 

37.00 

R 

aa8s3 

1 

47.00 

aa8s4      

1 

67.00 

Overhaul 

1 

1,750.00 

Puddle 

1 

570.00 

Total. 

37,560.00 

i 

43,033.50 

Excavation: 
Class  1 

282,000 
100 
100 
100 

131,000 
1,000 



.11.7 

.35 

.45 

.80 

.01 

.60 

32,994.00 

35.00 

45.00 

80.00 

1,310.00 

600.00 

1 

.13} 
.37 
.47 
.67 
.Oli 
.57 

38,f75.00 

Class  2 

1 

37.00 

9 

Class  3 

1 

47.00 

aass4 

1 

67.00 

Overhaul 

1 

1,637.60 

Puddle 

1 

570.00 

Total 

.     36,064.00 

! 

41,133.50 

Excavation: 
Class  1 

250,000 
100 
100 
100 

126,000 
1,000 

.11.7 

.35 

.45 

.80 

.01 

.60 

29,250.00 
35.00 

.13J 
.37 
.47 
.67 
.Oli 

34,375.00 

Clas82 

37.00 

10 

aass3 

•Class  4 

Overhaul 

PiiAflle 

45.00 

80.00 

1,280.00 

600.00 



47.00 



67.00 

1 - 

1.575.00 

1 

.57  '               570.00 

^ 

i            Total 

31,270.00 

36,671.00 

! 

H.  Doc.  86,  5^1 17 


Digitized  by  VjOOQ IC 


242 


FOURTH   ANNUAL.   REPORT   OF   RECLAMATION    SERVICE. 


Bids  for  first  contrartf  Inlerstaie  canalf  North  Platte  project — Continued. 


c 

o 

Work. 

Quan- 
tity in 
cubic 
yards. 

The  Burke  Construc- 
tion Co.,  St.  Louis, 
Mo..ten$2,000cer- 
tifled  checks.o 

The  Burke  Construc- 
tion Co.,  St.  Louis, 
Uo,b 

D.J.  B 
seyV 
cash 
I10,0C 

(urke,  Guem- 

^yo.five  $2,000 

chocks,   ono 

Ocash  check,  c 

Amount. 

Unit 
price. 

Amount. 

U0,040.00 

4,200.00 

53.00 

.    1,275.00 

2,100.00 

450.00 

Unit 
price. 

Amount. 

Unit 
price. 

Excavation: 

Class  1 

280,000 

10,000 

100 

1,500 

140,000 

1,000 

10.15.4 
.42 
.53 
.85 
.011 
.45 

10.15 
.41 
.65 
1.00 
.OIJ 
.50 

$30,000.00 

4,100.00 

55.00 

1,500.00 

2,100.00 

500.00 

10.22 
.70 
.38 
.85 
.OIJ 
.35 

$57,200.00 

Class  2 

7,000.00 

1 

Class  3 

38.00 

Class  4 

1,375.00 

2,100.00 

Puddle 

350.00 

Total...  . 

48,118.00  1 '        47,255.00 

67,963.00 

Excavation: 

Class  1 

330,000 
100 
100 
100 

180,000 
1,000 

.15.4 

.42 

.53 

.85 

.Oli 

.45 

50,820.00 
42.00 
53.00 
85.00 
2,700.00 
450.00 

.15 
.41 
.55 

49,500.00 
41.00 
55.00 

.14J 

.65 

.35 

.85 

.OIJ 

.40 

47,850.00 

Class  2 

65.00 

?r 

Class  3 

35.00 

aass4 

1.00      1             100.00 
.OIJ    1          2,700.00 
.50                   500.00 

85.00 

Overhaul 

2,700.00 

Puddle 

400.00 

Total 

54,150.00 

52,896.00 

1          51,135.00 

Excavation: 
1        Class  1 

280,000 
27,000 
100 
38,000 
180,000 
1,000 

.15.4 

.42 

.53 

.85 

.OIJ 

.45 

43,120.00 
11,340.00 
53.00 
32,300.00 
2,700.00 
450.00 

.14.6           40.600.00 

.15 

.75 

.35 

.88 

.OIJ 

.50 

42,000.00 

1         Class  2 

.39 

.55 

.85 

.OIJ 

.50 

10,530.00 

65.00 

32,300.00 

2,700.0Q 

500.00 

20,250.00 

3 

Class3 

35.00 

'         Class4 

33,440.00 

1  Overtiaul 

2,700.00 

Puddle 

500.00 

Total 

89,963.00 

86,685.00  1 1          98,925.00 

Excavation: 

•      Class  1 

45,000 

79,000 

100 

100 

.15.4 

.42 

.53 

.85 

.OIJ 

.45 

6,930.00 

33,180.00 

53.00 

85.00 

1,800.00 

4>i0.on 

.17.5  !         7,875.00 
.43      1        33.970.00 

.20 
.75 
.35 
.85 
.02 
.55 

9,000.00 

Class  2 

50,250.00 
35.00 

4 

aass3 

.55 

LOO 

.OIJ 

.50 

55.00 

100.00 

1,800.00 

600.00 

Class  4 

85.00 

Overhaul 

Puddle 

^20,000 
1,000 

2,400.00 
550.00 

Total 

42,498.00 

44,300.00 

71,320.00 

Excavation: 

Class  1 

346,000 

26,000 

100 

100 

670,000 

10,000 

.15.4 

.42 

.53 

.85 

.OIJ 

.45 

53,284.00 

10,920.00 

53.00 

85.00 

.21 
.46 
.55 
1.00 

72,660.00 

11,700.00 

55.00 

100.00 

10,050.00 

4,000.00 

.18.5 

.75 

.35 

,85 

.02 

64,010.00 

Class  2 

19,500.00 
35.00 

h 

aass3 

Class  4 

85.00 

Overhaul 

10,050.00  '    .OIJ 
4,500.00  '     .40 

13.400.00 

Puddle 

.65                 6,500.00 

Total 

78,802.00    98.565.00 

.    .          103.630.00 

=== 

== 

A  Proposal  for  contract  awarded  as  a  whole. 

b  Proposal  if  awarded  bv  division. 

c  On  my  bid  I  wish  to  bid  on  each  division  as  a  total. 
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Biis  for  first  contract,  Interstate  canal ,  North  Platte  project — Continued. 


1 

i 

'             Work. 

Quan- 
tity in 
cubic 
yards. 

The  Burke  Construc- 
tion Co.,  St.  Louis, 
Mo.,tenS2,000oer- 
tlfled  checks. 

The  BurkeConstruc- 
tionCo.,8t.Louis, 
Mo. 

D.  J.  Burke.  Guern- 
sey, Wyo.  five  $2,000 
cash  checks,    one 
$10,000  cash  check. 

1 

Q  ! 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Unit 
price. 

$0.14J 
.75 
.35 
.80 
.OIJ 
.75 

Amoimt. 

1 
Excavation: 

Oassl 

300,000 
100 
100 
100 

140,000 
1,000 

10.15.4 
.42 
.53 
.85 
.OH 
.45 

$46,200.00 

42.00 

53.00 

85.J00 

2,100.00 

$0.14 
.45 
.55 
1.00 
.OIJ 
.50 

$42,000.00 

45.00 

55.00 

100.00 

2,100.00 

500.00 

$43,500.00 
75.00 

ClaM2 

(> 

35.00 

Claa8  4 

80.00 

Overhaul 

2,100.00 
750.00 

Puddle 

Total 

48,930.00 

44,800.00 

46,540.00 

Excavation: 
Clawpl 

30B,000 
100 
100 
100 

120,000 
1,000 

.16.4 

.48 

.53 

.85 

.Oli 

.45 

46,200.00 
42.00 
63.00 
85.00 
1,800.00 
4.'in.00 

.14.5 
.46 
.55 
1.00 
.OIJ 
.50 

43,500.00 

46.00 

56.00 

100.00 

1,800.00 

500.00 

.14J 
.76 
.36 
.80 
.OIJ 
1.00 

43,500.00 

•     Qaas  2 

76.00 

7 

aassS 

35.00 

C\Mf^4  .   ... 

80.00 

Overhaul 

1,800.00 
1,000.00 

Puddle 

Total 

48,630.00 

46,000.00 



46,490.00 

Excavation: 

aassl 

296,000 
100 
100 
100 

140,000 
1,000 

* 

.15.4 

.42 

.53 

.85 

.OIJ 

.45 

45,430.00 
42.00 
63.00 
85.00 
2,100.00 
450.00 

.19.6 
.45 
.55 
1.00 
.OIJ 
.50 

57,625.00 

45.00 

55.00 

100.00 

2,100.00 

500.00 

.16 
.65 
.35 
.85 
.OIJ 
1.25 

47,200.00 

Class  2 

66.00 

H 

QassS 

75.00 

Class  4 

85.00 

Overtiaul 

2,100.00 

Puddle 

1,760.00 

Total 

48,160.00 



60,326.00  1 

50,775.0J 

282,000 
100 
100 
100 

131,000 
1,000 

Excavation: 

aassl 

.15.4 

.42 

.53 

.85 

.OIJ 

.45 

43,428.00 

42.00 

53.00 

85.00 

1,965.00 

450.00 

.14 
.45 
.55 
1.00 
.OIJ 
.40 

39,480.00 
45.00 
65.00 
100.00 
1,965.00 
400.00 

.14J 
.75 
.36 
.80 
.02 
1.25 

40,890.00 

Claas  2 

76.00 

^ 

Class  3 

35.00 

Class  4 

80.00 

Overhaul 

2,620.00 

Puddle 

1,250.00 

Total.. 

46,023.00  1 

42,095.00    

44,960.00 

Excavation: 

Class  1 

250,000 
100 
100 
100 

126,000 
1,000 



.16.4 

38.600.00 

.14 
.45 
.65 
1.00 
.OIJ 
.40 

35,000.00 
45.00 
56.00 
100.00 
1,890.00 
400.00 

.16 
.76 
.38 

1.00 
.Oil 

1.50 

37,500.00 

Class  2 

.42                    42.00 

76.00 

10 

aass3 

.63 
.85 
.Oli 
.46 

53.00 

85.00 

1,890.00 

450.00 

38.00 

Claas4....  :.... 
Overhaul 

100.00 
2,205.00 

Puddle 

1,600.00 

[Total 

41,020.00 



37,490.00  i 

1 

41,418.00 
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FOURTH   ANNUAL   REPORT   OF   RECLAMATION    SERVICE. 


BUb  for  first  contract,  IrUerfiUUe  canai.  North  Platte  project — Continued. 


Work. 

Quan- 
tity in 
cubic 
yards. 

200,000 

10,000 

100 

1,500 

140,000 

1,000 

W.    C.    Bradbury. 
65-56  Railroad 
Building,  Denver, 
Colo~ton    »2,000 
oertided  checks.a 

Keltic  Contracting 
Co.,Joliet,ni.,one 
$12,000      certified 
check.5 

Wood,   Bancroft  & 
Doty,  David  City, 
Nebr.,  four  92,000 
certified  eheck8.c 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Unit 
price. 

Excavation: 
ClaMl 

10. 15^ 
.58 
.58 
.90 
.Olf 
.30 

S40,300.00 

5,800.00 

58.00 

1,350.00 

2,450.00 

300.00 

Class  2 

1 

Class  3 

Class  4 

Overhaul 

Puddle 

Total 



50,258.00 

Excavation: 

Class  1 

330,000 
100 
100 
100 

180,000 
1,000 

.    ..              

.15J 

.58 

.58 

.90 

.Oil 

.30 

51,150.00 
58.00 
58.00 
90.00 
3,150.00 
300.00 

Class  2 

?, 

aass3 

aass4 

Overbaul 

Puddle 

Total 

54,806.00 

. 

Excavation: 

dassl 

280,000 

27,000 

100 

38,000 

180,000 

1,000 

.  .15i 
.58 
.58 
.90 
.Olf 
.30 

43,400.00 
15,660.00 
58.00 
34,200.00 
3,150.00 
300.00 

. 

3 

Class  3 

Class  4 

1  Overtiaul 

'  Puddle 

Total 

96,768.00 

Excavation: 

Qassl 

45,000 

79,000 

100 

100 

120,000 

1,000 



.16§ 
.58 
.58 
.90 

6,975.00 

48,820.00 

58.00 

fln.no 

1         aass2 

4 

QassS 

aass4  .  .. 

Overbaul 

.Olf,    >      2,100.00 
.30  :             300.00 

1  "* 

Puddle 

Total 

55,343.00 

Excavation: 

Class  1 

346,000 

26,000 

100 

100 

670,000 

10,000 

.15^!         .S.rAaD.00 

10.15 
.50 
.75 

5.00 
.01 

2.50 

$51,900.00 

13,000.00 

75.00 

500.00 

6,700.00 

2R.nnn.nn 

Class  2 

.58 
.58 
.90 

15,080.00 
58.00 
Qn.nn 

^ 

aass3 

aa8s4 

Overhaul 

.Olf         11,725.00 
.30           3,000.00 

Puddle 

Total 

83,583.00 

1       07-1 75- nn 

' 

•  Six  per  cent  discount  from  above  prices  if  awarded  entire  work. 

*  On  each  division  "This  bid  for  all  or  none." 

e  This  bid  is  for  whole  of  this  division,  as  per  first  condition  in  droular  letter. 
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Bids  for  first  cordrati,  IntersUUe  eanalf  North  Platte  project — Continued. 


§ 
1 

Work. 

Quan- 
Utyln 

CUDiO 

yards. 

W.    C.    Bradbury, 
55^  Railroad 
Building,  Denver, 
Colo.,    ten  S2,000 
certified  checks. 

Keltie  Contracting 
Co.,JoUet,IU.,one 
$12,000     certified 
check. 

Wood,   Bancroft   & 
Doty,  David  City. 
Nebr.,  tour  $2,000 
certified  checks. 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Excavation: 

aassl 

300,000 
100 
100 
100 

140,000 
1,000 

$0,15J 
.58 
.58 
.90 
.01} 
.30 

146,500.00 
58.00 
68.00 
90.00 
2,450.00 
300.00 

10.16 
.50 
.75 
.90 
.01 
2.50 

$48,000.00 

50.00 

75.00 

90.00 

1,400.00 

2,500.00 

Class  2 

A 

aass3 

Class  4 

1 

1 

Puddle 

-    1 

Total 

49,456.00 

52,116.00 

Excavation: 

Class  1       

300,000 
100 
100 
100 

120,000 
1,000 

.16§ 
.58 
.58 
.90 
.011 
.30 

46,500.00 
58.00 
58.00 
90.00 
2,100.00 
300.00 

.16 
.50 
.75 
.90 
.01 
2.50 

48,000.00 

60.00 

75.00 

90.00 

1,200.00 

2,500.00 

$0.12i 
•       .20 
.30 
.60 
.Oli 
.50 

$37,500.00 
20.00 

aa8s2 

7 

Class  3 

30.00 

aass4 

60.00 

1  Overhaul 

1,800.00 

Paddle 

500.00 

Total 

49,106.00 

51,915.00 



39,910.00 

Excavation: 
'         Classl 

295,000 
100 
100 
100 

140,000 
1,000 



.15J 

.58 

.58 

.90 

.Oil 

.30 

45,725.00 
58.00 
58.00 
90.00 
2,450.00 
300.00 

.16 
.50 
.75 
.90 
.01 
2.50 

47,200.00 

50.00 

75.00 

90.00 

1,400.00 

2,500.00 

.12* 
.20 
.30 
.60 
.011 
.50 

36,875.00 

g 

Class  2. 

CiassS 

20.00 
30.00 

aasfl4 

60.00 

Overhaul 

2,100.00 

Puddle 

500.00 

Total      

48,681.00 

51,315.00   

39,586.00 

Excavation: 

Class  1      

282,000 
100 
100 
100 

131,000 
1,000 

.15i 
.58 
.58 
.90 
.Oli 
.30 

43,710.00 
58.00 
58.00 
90.00 
2,292.50 
300.00 

.16 
.50 
.75 
.90 
.01 
2.50 

45, 12a  00 

50.00 

75.00 

90.00 

1,310.00 

2,500.00 

.12 

.20 

.30 

.60 

.OIJ 

.50 

33,840.00 

aa8s2 

20.00 

^ 

Claiw  3            .  . 

30.00 

Clam  4             , . 

60.00 

Oveiiiaul 

1,965.00 

Puddle 

500.00 

Total 

46,508.50  ! 

49,145.00 

36,416.00 

Excavation: 

Oassl 

250,000 
100 
100 
100 

126,000 
1,000 

.15i 
.58 
.58 
.90 
.011 
.30 

38,750.00 
58.00 
58.00 
90.00 
2,206.00 
300.00 

.16 
.60 
.75 
.90 
.01 
2.50 

40,000.00 

50.00 

75.00 

90.00 

1,260.00 

2,500.00 

.12 

.20 

.30 

.60 

.011 

.50 

30,000.00 

Class  2 

20.00 

^o^ 

aass3 

30.00 

Class  4 

60.00 

Overhaul 

1,800.00 

Puddle 

500.00 

Total 

41,461.00 

43,975.00 

32,500.00 
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Bid»  for  first  ccfntraet,  IrUerstaie  caTud,  North  Platte  project — Continued. 


. 

Work. 

Quan- 
tity in 
cubic 
yards. 

The  Denver  and 
Pueblo  Con- 
struction   Co., 
Denver,  Colo., 
three  |2,000cer- 
tlfled  checks.a 

StreeterALusk 
Co..    Denver, 
Colo.,    five 
12,000     cash 
checks.^ 

R.    P.   Scott, 
Bridgeport, 
Nebr.,    one 
$2,000  certified 
check,  c 

Monarch    & 
Porter,    Des 
Moines,  Iowa, 
one  $2,000  oer^ 
tifledcheck.' 

1 

Unit 
price. 

Amount. 

Unit 

Amount. 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Excavation: 

Class  1.... 

Class  2.... 

Class  3.... 

Class  4.... 

Overhaul 

Puddle 

Total... 

280,000 
27,000 
100 
38,000 
180,000 
1,000 

$0.15 
.40 
.90 
.90 

.ou 

1.00 

$42,000.00 

10,800.00 

90.00 

34,200.00 

2,250.00 

1.000.00 

$0.12 
.35 
.50 
.90 
.01 
.50 

$33,600.00 

9,450.00 

3 

50.00 

34,200.00 

1,800.00 

500.00 

90,340.00 

79,600.00 

Excavation: 

aassl.... 

aa8s2.... 

Class  3.... 

aass4.... 

Overhaul 

Puddle 

Total... 

340,000 

28,000 

100 

100 

670,000 

10,000 

.17 
.40 
1.00 
1.00 
.Olj 

58,820.00 

10,400.00 

100.00 

100.00 

8.37fi.0n 

h 

1.00  1  10,000.00 

87,795.00 

Excavation: 

aassl.... 

aass  2. . . . 

Class  3. . . . 

Class  4. . . . 

Overhaul 

Puddle 

Total... 

.-  . 

... 

300,000 
100 
100 
100 

140,000 
1,000 

.14i 
1.00 
1.00 
1.00 

.ou 
1.00 

43,500.00 

100.00 

100.00 

100.00 

1,750.00 

i.oon.nn 

^ 

i 

1 

46,550.00 

Excavation: 

aassl.... 

1         Class  2.... 

!         Class3.... 

Class  4.... 

Overhaul 

Puddle 

Total... 

300,000 
100 
100 
100 

$0.12i   $37,500.00 
.50             50.00 
.70             70.00 

.go   '        go.oo 

.144  4.rfinn.nn 

' 

1.00 
1.00 
1.00 
.OU 
1.00 

100.00 

100.00 

100.00 

1,600.00 

i.onn.nn 

1            1 

7 

f 

120,000         .01         1,200.00 

1,000      .a^          50.00 

! 1 :.... 

\  . ' 

38,960.00 

4A..^tf)n.OO 

1      

=— 

==: 

' :::ii::^__ 

a  No  conditions. 

b  In  our  bid  we  wish  to  bid  for  each  division  in  total. 

c  I  desire  to  bid  on  the  divisions  as  a  whole. 

d  The  above  prices  for  the  divisions  as  a  whole. 
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Bids  for  first  contract^  Interstate  canal,  North  Platte  project — Continued. 


§ 

-a 
5 

Work. 

Quan- 
tity In 
cubic 
yards. 

The  Denver  and 
Pueblo  Con- 
struction Co., 
Denver,  Colo., 
three  $2,000oer- 
tlfled  checks. 

Streeter  <&  Luak 
Co.,    Denver, 
Colo.,     five 
$2,000     cash 
checks. 

R.     P.     Scott 
B  rid  gje  port, 
Nebr.,    one 
$2,000  certified 
check. 

Monarch    & 
Porter,    D  e  s 
Moines.  Iowa, 
one  $2,000  cer- 
tified check. 

Unit 
price 

Amount. 

Unit 
price. 

Amount. 

$44,250.00 

100.00 

100.00 

100.00 

1,750.00 

1,000.00 

Unit 
price. 

Amoimt. 

pXiAmount. 

Excavation: 
Class  1 

29.'>.000 

$0.15 

1 

Class  2.... '        100 

Class  3....         100 

aass4....         100 

Overhaul 140. 000 

1 

1.00 
1.00 
1.00 
.Oli 
1.00 

A 

1            ' 

!          1 

1 

Puddle 

Total... 

1,000 

"....■:.:::.:.  ::■.::! 

1 

47,300.00 

1 

Excavation: 
Class  1.... 

Class  2 

aass3.... 
Class  4.... 

Overhaul 

Puddle 

Total . . . 

282,000 
100 
100 
100 

131,000 
1,000 

$0.12|  135,055.00 
.36    .         30.00 
.50             50.00 
.85             85.00 
.01         1,310.00 
.03             30.00 

■     1 

, 

9^ 

i 

1 

1 1         !"■■"' 

i          '       1 

! 

! 

37,460.00 

1 ; 1 

Excavation: 

Class  1.... 

Class  2. . . . 

Class  3. . . . 

Class  4.... 

Overiiaul 

Puddle 

Total... 



1 t         1 

250,000 
100 
100 
100 

126,000 
1,000 

.12! 

.60 
.74 

31,875.00 
60.00 

74.  on 

$0.14^    t3A.2S0.Q0 

.30 
.42 
.76 
•  OlA 
.22 

30.00 
42.00 
76.00 
1,764.00 
22D.no 

!• 

10 

i 

1.00  ;     100.00 

.01 A     1,512.00 
.06    1         50.00 

1 

1 

33,671.00 

38,382.00 

1 

1 
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Bids  for  structures  for  IfUerslaie  eatudf  North  Platte  project,  Nebraska. 
SCHEDULE  NO.  1. 


Work  or  mate- 
rial. 


Quantity. 


Concrete: 

Clawl 

ClaB8  2 

Class  1,  in  floor 
and  side  wallb 
of  flood-water 
Intake. 

Steel  for  rein- 
forcing. 

L  beams 

Clinton  wire  fab- 
ric. 
Lattice  girders  . . 

Puddle 

Grouted  paving . 

Riprap  or  dry 
rock  paving. 

Screened  gravel 
for  bowlders. 

Excavation: 

Class  1 

Class  4 

Common  lumber. 

Overhaul  equiv- 
alent to. 


Total. 


670  cubic  yards.. 
430  cubic  yards . . 
1,800  cubic  yards. 


W.  O.  Morrison, 
Denver,  Colo. 


I  Guy  F.  Atkinson, 
Colorado  Springs, 
Colo. 


Robinson  &  Maney, 
St.  Louis,  Mo. 


28,000  pounds. 

00,000  pounds. 
GOO  pounds 


5,000  pounds 

80 cubic  yards.. 
40 cubic  yards.. 
200  cubic  yards  . 

100 cubic  yards. 


8,000  cubic  yards. 

400  cubic  yards . . . 

5,000feetB.  M... 

1,000  cubic  yards, 
hauled  100  feet. 


Unit 
price. 


$5.30 
10.80 
5.10 


.0275 

.0375 
.099 

.058 
1.20 
5.50 
4.30 

1.30 


3.00 

34.00 

.015 


Amount. 


$3,021.00  ' 
4,644.00  ' 
9,180.00 


770.00 
I 
3,375.00 
50.40  , 

290.00 
96.00 
220.00 
860.00 

130.00 


3,040.00 

1,200.00 

170.00 

15.00 


Unit 
price. 


$7.00 
10.00 
6.00 


.05 

.05 
.10 

.06 
2.00 
4.00 
4.00 

2.00 


.40 

4.00 

50.00 

.015 


Amount. 

Unit 
price. 

$3,990.00 

$11.00 

4,300.00 

15.00 

10,800.00 

11.00 

1,400.00 

.0475 

4,500.00 

.045 

60.00 

.06 

300.00 

.05 

160.00 

1.50 

160.00 

5.00 

800.00 

..00 

200.00 

3.00 

3,200.00 

,       .50 

1,600.00 

2.00 

250.00 

45.00 

15.00 

.015 

27,070.40    !    31,735.00 


$6,270.00 
6,450.00 
19,800.00 


1,330.00 

4,050.00 
36.00 

250.00 
120.00 
200.00 
800.00 

300.00 


4,000.00 

800.00 

225.00 

15.00 


44,646.00 
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Bids  for  structures  for  Interstate  carud,  North  Platte  project^  Nebraska — Continued. 

SCHEDULE  NO.  2. 


Work  or  mate- 
rial. 

Quantity. 

W.  0.  Morrison, 
Denver,  Colo. 

Lyn    8.    Atkinson, 
Colorado  Springs, 
Colo. 

Robinson  &  Maney, 
St.  Louis,  Mo. 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Unit 
price. 

Amount. 

Concrete: 

Classl 

4,200  cubic  yards.. 

16.60 

127,720.00 

18.00 

$33,600.00 

111.00 

$46,200.00 

Class  2 

2,700  cubic  yards.. 

10.90 

29,430.00 

11.60 

31,320.00 

15.00 

40,500.00 

Steel    for    rein- 

285,000 pounds.... 

.0327 

0,319.50 

.04 

11,400.00 

.0475 

13,573.60 

forcing. 

Kahn   bars   for 

.0468 

5,616.00 

.045 

5,400.00 

.04 

4,800.00 

reinforcing. 

Lattice  girders  . . 

27,000  pounds 

.055 

1,485.00 

.06 

1,620.00 

.05 

1,350.00 

Clinton  fabric  or 

equivalent. 
Grouted  paving. . 

15,000  pounds 

.009 

1,485.00 

.10 

1,500.00 

.06 

900.00 

200  cubic  yards 

5.25 

1,050,00 

5.00 

1,000.00 

5.00 

1,000.00 

Riprap    or    dry 

do 

4.30 

860.00 

4.00 

800.00 

4.00 

800.00 

rock  paving. 

Gravel -bowlder 

900  cubic  yards 

2.30 

2,070.00 

2.00 

1,800.00 

5.00 

4,500.00 

backing  for 
concrete  lining. 

3,000  cubic  yards. . 

2.20 

6,600.00 

2.50 

7,500.00 

4.00 

12,000.00 

Puddle 

1,500  cubic  yards.. 

1.25 

1,875.00 

1.50 

2,250.00 

1.50 

2,250.00 

Excavation: 

Class  1 

15,000  cubic  yards. 

.36 

5,400.00 

.60 

9,000.00 

.30 

4,500.00 

Class  2 

100  cubic  yards  . . . 

.72 

72.00 

1.25 

125.00 

2.00 

200.00 

Class  3 

do 

1.25 
4.00 
36.00 

125.00 
400.00 
180.00 

4.00 
2.00 
40.00 

400.00 
200.00 
200.00 

2.00 
2.50 
45.00 

200.00 

Class  4 

do 

250.00 

Common  lumber.   5,000  feet  B.  M 

225.00 

Overhaul  equiv-     1,000  cubic  yards 

.016 

15.00 

.015 

15.00 

.015 

15.00 

alent  to.                  hauled  100  feet. 

Highway  bridges    8  66-foot  spans 

1,018.00 

8,144.00 

1,160.00 

0,200.00 

1,250.00 

10,000.00 

Do 

2  60-foot  spans 

980.00 

1,960.00 

1,050.00 

2,100.00 

1,200.00 

2,400.00 

Total 

103,806.50 

119,430.00 

145,627.50 
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EXPENDITURES. 

The  expenditures  on  the  North  Platte  project  to  September  30,  1905,  were  as  follows: 
Expenditures  on  North  Platte  project  to  September  30 ^  1906. 

Pathfinder  tunnel:  Kilpatrick  Bros.  &  Collins $29, 556.75 

Interstate  canal: 

Robinson  &  Maney $3,720.45 

Deadwood  Construction  Co 3, 216. 00 

Orman  &  Crook 9, 174. 10 

16,110.55 

Office  buildings 4,000.00 

Preliminary  surveys - 40, 000. 00 

Location  and  testing 70, 000. 00 

Design 5,000.00 

Engineering  and  supervision 25, 000. 00 

Administration 15, 387. 75 

Total 205,055.05 

SOUTH  PI.ATTE  XJNDERFIX>W  INVESTIGATIONS. « 

LOCATION. 

Investigations  were  begun  about  the  middle  of  July,  1905,  in  the  South  Platte  Valley, 
extending  from  Sterling,  Colo.,  to  North  Platte,  Nebr.,  to  determine  the  underflow  and 
to  ascertain  whether  it  was  practicable  to  make  use  of  such  undei^ground  waters  for  irri- 
gation.    Field  work  was  completed  September  22,  1905. 

The  South  Platte  Valley  between  the  two  points  named  varies  in  width  from  2  to  8 
mUes.  The  river  itself  occupies  a  wide,  sandy  stretch  ranging  from  1,500  to  2,500  feet  in 
width.  It  flows  in  this  enormous  bed  in  numerous  interlocking  small  streams,  from  which 
it  is  difficult  to  select  the  principal  channel.  The  bottom  lands  near  the  river  are  in  many 
places  low  and  swampy.  These  low  bottoms  differ  greatly  in  width  at  different  places, 
but  even  where  they  are  widest  they  contain  only  a  small  area  of  land  suitable  for  irrigation. 
Above  these  low  bottom  lands  the  valley  slopes  gently  away  from  the  channel,  in  some 
places  in  two  or  three  distinct  levels,  in  others  with  gradual  slope  without  noticeable  benches, 
to  the  base  of  the  escarpment  that  borders  the  uplands  on  either  side  of  the  river.  The 
uplands  or  table-lands  in  which  the  river  is  eroded  stand  at  an  elevation  ranging  from  150 
to  200  feet  above  the  level  of  the  river  and  possess  the  well-known  topography  of  the  high 
plains  of  western  Kansas  and  Nebraska. 

Numerous  irrigation  canals  have  been  taken  out  of  Platte  River  at  various  points  in 
Colorado  and  Nebraska.  These  canals  carry  water  usually  to  the  bottom  lands  only.  At 
no  place  between  Sterling  and  North  Platte  has  it  been  possible  to  construct  a  canal  to 
convey  water  to  the  uplands,  for  their  elevation  is  too  great  to  render  such  construction 
practicable.  Where  the  irrigation  systems  have  been  properly  constructed  and  main- 
tained, the  results  obtamed  have  been  very  satisfactory,  except  at  the  middle  and  the  end 
of  the  irrigation  season,  when  the  farmers  complain  of  shortage  of  water — a  complaint 
frequently  heard  in  irrigation  dbtricts.  In  order  to  augment  the  low-stage  supply  of  water 
several  reservoirs  have  been  constructed  in  the  Platte  Valley  in  Colorado. 

VSTATER-BEARINQ  GRAVELS. 

Inasmuch  as  irrigation  must  of  necessity  be  confined  to  the  bottom  lands  of  the  Platte 
Valley,  it  becomes  especially  important  to  know  to  what  extent  these  lands  can  be  irrigated 
by  water  drawn  from  the  underflow  of  the  river.  This  point  was  kept  well  in  mind  during 
the  investigations. 


•  From  report  bj  C.  S.  Slicfater. 
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The  gradient  of  the  river  channel  along  this  portion  of  its  course  will  average  about  8  feet 
to  the  mile.  The  alluvial  deposits  consist  of  coarse  sand  mixed  with  gravels  of  various 
sizes,  the  largest  about  1  inch  in  diameter.  The  lai^er  pebbles  are  not  deposited  in  separate 
streaks,  but  are  scattered  through  and  mixed  with  the  coarse  sand  of  the  river  deposits. 
In  this  respect  the  sands  of  South  Platte  River  di/Ter  materially  from  the  sands  found  in 
Arkansas  River  in  western  Kansas,  where  the  larger  pebbles  are  usually  absent.  The  sands 
of  the  South  Platte  are  free  from  deposits  of  quicksand  and  fine  silt. 

The  presence  of  large  pebbles  in  the  sandy  deposits  of  the  South  Platte  Valley  makes 
this  material  an  excellent  water-bearing  gravel,  very  well  adapted  for  the  construction  of 
wells  of  large  capacity.  By  the  use  of  proper  strainers  the  smaller  particles  can  be  removed 
from  the  immediate  neighborhood  of  the  well,  so  that  the  water  can  be  collected  through  the 
remaining  coarser  gravel.  Material  of  this  kind  was  found  wherever  sought  for  between 
Sterling,  Colo.,  and  North  Platte,  Nebr.  It  is  believed  that  there  is  no  considerable  area  in 
this  part  of  the  valley  which  is  not  underlain  with  gravel  of  this  kind. 

In  order  to  determine  the  amount  of  water  that  can  be  obtained  from  such  gravels  by 
means  of  suitably  constructexl  wells  and  pumping  machinery  it  was  planned  to  test  the 
wells  in  the  valley,  but  the  number  of  pumping  plants  constructed  was  so  smaU  that  it 
was  not  possible  to  get  together  a  very  large  amount  of  data  bearing  upon  this  point.  Such 
tests,  however,  as  were  possible  indicate  that  wells  of  high  capacity  can  be  very  economically 
constructed,  and  on  this  account  no  difficulty  will  be  experienced  in  obtaining  water  in 
quantities  suitable  for  irrigation. 

SITUATION  AT  STERLING,  COLO. 

At  Sterling,  Colo.,  the  valley  of  the  South  Platte  is  rather  wide.  A  pumping  plant  con- 
structed for  irrigation  is  located  on  the  Johnson  ranch,  on  the  east  side  of  the  river.  The 
well  used  in  connection  with  this  pumping  plant  was  a  dug  well  which  had  been  so  poorly 
sheeted  up  that  largo  quantities  of  sand  entered  the  pump,  so  that  the  test  was  not  satis- 
factory. It  will  be  very  easy,  at  small  expense,  so  to  modify  the  well  as  to  keep  the  sand 
from  the  pump,  when  there  will  be  no  difficulty  in  procuring  a  laige  supply  of  water.  The 
water-bearing  gravels  near  Sterling  extend  to  a  depth  of  40  to  80  feet  below  the  surface  of 
the  ground,  and  there  is  abundant  water  for  a  large  number  of  moderate-sized  private 
pumping  plants.  It  is  believed  that  the  ground  water  at  this  point  may  be  l>est  recovered 
by  means  of  wells  and  pumping  machinery,  either  owned  by  individual  farmers  or  operated 
by  electricity  from  a  central  plant.  In  this  locality  considerable  interest  is  now  taken  in 
growing  sugar  beets.  A  lai^e  sugar  factory  has  been  built,  from  which  it  may  be  practi- 
cable to  distribute  power  during  the  irrigation  season  to  farmers  in  the  neighborhood  for 
the  purpose  of  procuring  water  for  irrigation.  It  is  not  advisable  to  put  in  pumping  stations 
designed  to  take  out  a  large  amount  of  ground  water,  but  would  doubtless  he  more  eco- 
nomical to  restrict  the  amount  of  water  taken  at  any  one  place  to  about  2,500  gallons  a 
minute  rather  than  to  attempt  to  procure  more  than  this.  A  large  number  of  plants  of 
moderate  size  will  be  much  more  economical  and  satisfactory  in  the  long  run  than  a  smalW 
number  of  large  plants. 

UNDERFLOW  INVESTIGATIONS  AT  OGALALLA,  NEBR. 

OENEBAL  CONDITIONS. 

Reconnaissance  work  indicates  that  there  is  very  little  difference  in  the  water-bearing 
gravels  between  Sterling,  Colo.,  and  Ogalalla,  Nebr.*  The  valley  of  the  South  Platte  varies 
considerably  io  width,  but  the  water-bearing  material  seems  to  be  about  the  same.  At 
Ogalalla  the  gravels  vary  in  thickness  from  25  to  85  feet.  A  series  of  test  wells  was  sunk 
across  the  valley  at  this  point  and  careful  determinations  were  made  both  of  the  character 
of  the  wUter-bearing  material  and  of  the  rate  of  movement  of  the  underflow  waters.  Hie 
rate  of  movement  of  the  ground  water  was  determined  by  the  electrical  method  described 
in  Water-Supply  and  Irrigation  Paper  No.  110.    The  investigation  showed  that  there  is  a 
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true  underflow  of  the  river  at  this  place.  The  ground  waters  move  downstream  with  a 
velocity  varying  from  2.3  to  13  feet  per  twenty-four  hours,  the  velocities  of  the  ground 
water  being  about  the  same  as  on  Arkansas  River  at  the  corresponding  longitude  in  Kansas. 
The  ground  waters  slope  toward  the  river  channel  from  both  the  north  and  the  soulh  side 
and  contribute  appreciably  to  the  surface  flow  of  the  river. 

QUANTITY   OF  THE  UNDERFLOW. 

The  maximum  amount  of  underflow  water  passing  through  the  gravels  in  the  valley  of 
South  Platte  River  at  Ogalalla,  Nebr.,  can  be  readily  estimated.  The  cross  section  at  this 
point  is  about  the  smallest  that  is  found  between  North  Platte,  Nebr.,  and  Sterling,  Colo., 
but  the  slope  of  the  water  plane  at  this  point  is  greater  than  the  average  slope  in  the  valley. 
The  total  cross  section  of  gravels  capable  of  transmitting  water  is  less  than  330,000  square 
feet.  The  average  velocity  of  the  ground  water  in  this  material  does  not  exceed  7  feet  i>er 
twenty-four  hours.  The  total  amount  of  ground  water  passing  between  the  river  bluffs  at 
Ogalalla  therefore  does  not  exceed  10  second-feet. 

Although  this  amount  of  water  is  not  large,  yet  it  indicates  that  a  considerable  quan- 
tity of  ground  water  can  be  safely  removed  from  these  underflow  gravels.  The  water 
stored  in  the  gravels  can  be  drawn  upon  in  large  quantities,  because  the  supply  is  renewed 
at  frequent  intervals  by  floods  in  the  river  and  by  rainfall  upon  adjacent  lands.  Any 
extended  use  of  the  ground  water  of  the  valley  by  means  of  pumps  and  wells  would  tend 
to  lower  the  water  plane,  but  this  in  turn  would  decrease  materially  the  enormous  amount 
of  water  that  now  goes  to  waste  by  evaporation  from  the  sands  and  soils  in  the  river  val- 
ley and  the  adjacent  bottom  lands.  The  average  amount  of  evaporation  from  these 
lands  during  July  and  August  is  undoubtedly  as  much  as  12  inches  per  month. 

UNDERFLOW  CANAL  AT  OGALALLA. 

One  of  the  interesting  developments  in  the  South  Platte  Valley  is  an  underflow  ditch 
constructed  in  1895  on  the  south  side  of  the  river  near  Ogalalla  by  A.  Hollingsworth. 
This  ditch,  which  is  about  6,500  feet  long,  extends  along  the  south  bank  of  South  Platte 
River  on  a  grade  less  than  that  of  the  river  bed,  reaching  a  total  depth,  in  its  upper  portion, 
of  5  feet  below  the  bed  of  the  river.  The  discharge  from  this  ditch  on  August  5,  1905, 
was  3.78  second-feet.  Later  three  weirs  were  placed  at  different  points  in  the  ditch  and 
continuous  records,  made  for  a  number  of  days,  showed  that  the  flow  at  midday  was  about 
12  per  cent  less  than  the  flow  during  the  night. 

The  Hollingsworth  underflow  ditch  is  the  only  successful  one  of  its  kind  on  the  western 
plains.  The  conditions  at  this  point  and  the  small  size  of  the  development  are  es]>ecially 
favorable  to  its  success.  The  slope  of  South  Platte  River  here  is  unusually  great,  amount- 
ing to  about  1.6  feet  in  1,000.  The  minimum  slope  of  the  underflow  ditch  is  0.7  feet  in 
1,000.  The  ditch  cost  about  18,000.  It  requires  cleaning  at  frequent  intervals,  at  least 
every  two  years,  in  order  to  remove  vegetation  and  sand.  The  ditch  is  about  as  profitable 
as  a  pumping  plant  of  the  same  cost  and  capacity  in  the  same  location,  for  the  first  cost 
and  the  cost  of  operation  are  not  very  different  from  the  cost  of  constructing  and  oper- 
ating a  steam  plant  of  the  same  size.  In  one  respect  a  pumping  plant  would  be  much 
more  satisfactory^  for  the  ditch  will  become  a  total  loss  if  an  unusually  heavy  flood  in  the 
river  should  break  over  the  banks  and  fill  it  or  wash  it  out. 

SOURCE  OF  THE  UNDERFLOW. 

The  investigations  show  that  the  underflow  waters  of  the  South  Platte  are  seepage 
waters  that  originate  in  rainfall  on  lands  immediately  adjacent  to  the  valley  on  the  north 
and  south.  Chemical  analysis  shows  that  the  waters  of  the  underflow  are  substantially 
identical  with  the  well  waters  found  on  the  uplands.  Reports  that  the  ground  waters 
slope  away  from  the  river  could  not  be  verified,  for  levels  run  by  the  field  party  showed 
the  slope  m  every  instance  to  be  toward  the  river. 
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An  examination  of  the  river  made  during  the  sununer  of  1905  left  no  doubt  as  to  the 
source  of  the  underflow.  At  this  time  the  stream  at  Ogalalla  was  flowing  in  many  smaD 
channels,  a  large  number  of  which  could  be  traced  to  their  heads,  where  the  seepage  water 
formed  their  source.  The  behavior  of  the  underflow  ditch  at  Ogalalla  also  indicates  the 
source  of  the  supply.  The  south  bank  of  this  ditch — the  one  toward  the  valley  lands 
and  away  from  the  river — was  evidently  supplying  much  more  water  to  the  ditch  than 
the  other  side.  If  the  ditch  had  not  been  in  existence  this  water  would  have  reached 
the  river  channel  and  formed  one  of  the  small  streams,  the  aggregate  of  which  constitutes 
the  flow  of  the  South  Platte  River  during  low  stages  of  water.  Near  the  channel  of  the 
underflow  ditch  the  rate  of  movement  in  the  direction  of  the  river  valley  is  very  low, 
for  the  underflow  waters  at  this  place  find  relief  in  the  artificial  drainage  furnished  by 
the  ditch  and  are  not  required  to  flow  downstream  through  the  gravels  of  the  valley. 

INVESTIGATIONS  AT  NORTH  PLATTE. 

Several  mUes  of  levels  were  run  at  this  point  to  determine  the  slope  of  the  water  plane 
toward  the  bottom  lands  of  the  river,  both  north  and  south  of  the  South  Platte  and  North 
Platte  rivers.  The  two  rivers  join  a  short  distance  below  the  city  of  North  Platte.  A 
series  of  levels  were  run  at  this  place  some  years  ago  by  W.  W.  FoUett,  to  determine  the 
position  of  the  water  plane.  For  lack  of  time  a  careful  comparison  of  the  former  leveb 
and  those  run  during  the  current  year  has  not  been  made,  but  the  indications  are  thst 
there  has  been  no  material  change  in  the  water  plane  during  the  fifteen  years  that  have 
elapsed  since  the  former  levels  were  run. 

SPRINGS  AND  ARTESIAN  WATER  AT  BIRDWOOD  CREEK. 

Birdwood  Creek,  which  enters  the  North  Platte  from  the  north  about  15  miles  west 
of  North  Platte,  Nebr.,  b  more  than  20  miles  long  and  receives  from  the  west  a  branch 
about  15  miles  long.  Its  drainage  area  lies  almost  entirely  in  the  sand-hUl  district  north 
of  North  Platte  River.  It  is  a  perennial  stream'  with  a  minimum  low-stage  flow  of  about 
150  second-feet,  and  is  fed  for  nearly  its  entire  distance  by  small  seeps  along  its  bankB 
and  by  numerous  springs,  some  of  which  are  of  enormous  size.  Descriptions  of  these 
springs  by  residents  of  the  valley  indicated  that  the  ground  waters  were  under  considerable 
artesian  head,  and  this  matter  was  therefore  investigated.  A  small  2-inch  test  well  was 
sunk  to  a  depth  of  40  feet  and  an  artesian  head  of  over  20  feet  was  developed,  and  the 
head  increased  as  the  well  was  sunk  deeper.  The  water  was  unusually  soft  for  western 
Nebraska  and  exceedingly  good. 

The  waters  of  Birdwood  Creek  are  taken  out  just  above  its  mouth  on  the  North  Platte 
and  diverted  to  a  canal  which  is  used  to  irrigate  bottom  lands  along  the  river.  The  dis- 
covery of  the  artesian  head  of  the  water  in  Birdwood  Creek  will  enable  the  low-stage  flow 
of  this  stream  and  the  supply  of  water  for  the  existing  irrigation  canal,  or  a  new  one,  to 
be  greatly  augmented.  It  will  be  an  inexpensive  matter  to  sink  a  number  of  12-inch 
wells  to  the  artesian  water  at  suitable  localities  along  the  stream  and  to  provide  these 
wells  with  gates  or  valves  which  can  be  opened  during  the  low  stage  of  the  stream. 

CONCLUSIONS. 

The  reconnaissance  in  the  valley  of  the  South  Platte  indicates  that  there  is  an  ample 
supply  of  ground  water  for  irrigating  lands  in  the  bottoms  along  the  valley.  It  is  impractic- 
able to  divert  any  of  the  ground  water  from  the  valley  of  the  South  Platte  and  cany  it  to 
the  uplands  that  border  the  valley,  for  the  uplands  here  lie  at  too  great  an  elevation  above 
the  bed  of  the  river  to  permit  the  diversion  to  them  of  even  the  surface  flow.  A  veiy  con- 
siderable area  of  good  bottom  lands  in  the  valley  of  the  river  proper  are  so  situated  as  to 
be  especially  inviting  for  irrigation.  The  entire  valley  is  traversed  by  the  main  line  of  an 
important  railway  system  and  would  no  doubt  be  capable  of  supporting  a  considerable  pop- 
ulation if  engaged  in  intensive  farming  on  small  irrigated  tracts.    The  gravels  in  the  river 
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valley  are  especially  favorable  for  the  construction  of  wells  of  lai^  capacity,  and  pumping 
plants  could  probably  be  economically  constructed  and  would  prove  profitable  where  the 
soil  and  markets  are  favorable.  At  places  where  the  valley  is  wide,  as  at  Sterling,  Colo., 
and  Big  Springs,  Nebr.,  it  would  seem  practicable  to  construct  a  central  power  station  and 
transmit  power  to  numerous  small  pumping  plants  located  on  small  holdings  of  irrigable 
land.  It  would  seem  practicable  at  Sterling  to  procure  power  from  the  laige  sugar  factory 
which  has  been  built  at  that  place.  At  all  points  in  the  valley  small  pumping  plants, 
owned  by  individual  farmers,  could  be  constructed  for  procuring  a  supply  of  water  for  irri- 
gating high-grade  crops.  It  is  probable  that  it  would  not  now  pay  to  piunp  water  to  a 
greater  height  than  25  feet,  including  suction  lift  of  the  pump.  In  order  to  insure  satisfac- 
tory results,  great  care  must  be  exercised  in  constructing  pumping  plants  for  use  in  irrigation. 
It  does  not  pay  to  purchase  cheap  pumps  or  poor  machinery,  for  the  running  expense  and 
wear  and  tear  on  such  machinery  soon  make  the.total  cost  greater  than  that  of  a  satisfactory 
and  well-built  plant. 

The  work  done  in  this  valley  indicates  that  private  capital  can  develop  the  water  resources 
existing  in  the  ground  waters  to  the  best  advantage,  and  that  there  is  no  necessity  here  for 
large  plants  requiring  largo  capital  or  Government  aid.  The  situation  seems  to  call  for 
numerous  small  pumping  plants  rather  than  for  a  single  large  plant;  indeed,  the  length  of 
the  valley  and  its  limited  width  seem  to  render  the  latter  idea  impracticable. 

The  price  of  gasoline  at  various  points  in  the  valley  is  rather  high  at  present,  and  it  may 
prove  more  profitable  to  use  coal  in  producer-gas  plants  or  steam  engines  than  to  rely  upon 
petroleum  products  for  fuel. 

The  discovery  that  the  water  in  the  valley  of  Birdwood  Creek  has  considerable  artesian 
head  may  prove  to  be  of  great  value  to  lands  near  North  Platte.  Lands  near  Birdwood 
Creek,  except  those  in  a  narrow  valley  strip,  consist  of  sand  hills  which  have  little  agricul- 
tural value,  but  by  sinking  a  number  of  12-inch  wells  to  a  depth  of  about  100  feet  along  the 
west  foric  of  Birdwood  Creek,  the  low-stage  flow  of  the  stream  could  be  nearly  doubled  and 
water  could  be  taken  from  the  creek  near  its  mouth  and  placed  upon  lands  in  the  valley  of 
Platte  River.  The  expense  of  this  development  of  the  water  supply  will  be  so  slight  that 
it  could  readily  be  left  to  the  enterprise  of  private  capital. 

Some  pumping  plants  are  now  being  installed  in  the  South  Platte  Valley,  but  good  bottom 
lands  in  the  district  investigated  are  in  large  part  still  idle,  and  suitable  immigration  of  peo- 
ple able  to  make  the  best  use  of  the  present  water  resources  is  very  much  to  be  desired.  It 
is  hoped  that  the  pioneers  will  take  as  great  pains  as  possible  in  developing  the  water  supply 
so  that  the  future  of  the  valley  will  not  be  injured  by  carelessness  on  the  part  of  those  seek- 
ing water  for  present  needs. 

H.  Doc.  86,  59-1 18 
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OPERATIONS  IN  NEVADA. 

By  L.  H.  Tayloe. 

In  Nevada  an  examination  of  the  opportunities  for  reclamation  was  begun  in  1889,  and 
genera]  surveys  were  made  in  189o.  Stream  gagings  have  been  continued  at  intervals  since 
that  date  under  chai^  of  L.  H.  Taylor.  The  large  amount  of  information  thus  made  avail- 
able concerning  the  water  resources  of  the  State  facilitated  an  early  conclusion  regarding 
the  merits  of  various  projects.  As  a  result  woi^  was  begun  at  an  eariy  date  on  the  plans 
and  estimates  for  utilizing  the  waters  of  Truckee  and  Carson  rivers. 

TBUCKBE-CARSON  PROJECT. 

The  principal  water  supply  for  western  Nevada  comes  from  the  mountains  of  California 
near  the  western  boundaiy  of  the  State.  The  main  streams  are  Truckee,  Carson,  and 
Walker  rivers.  These  converge  toward  the  desert  lands  and  disappear  in  sinks  or  lakes  at 
altitudes  of  about  3,900  feet.  Around  these  sinks  are  broad  bodies  of  arid  land,  much  of  it 
of  excellent  quality  when  watered. 

A  nymber  of  reservoir  sites  on  the  headwaters  of  Truckee  and  Carson  rivers  have  been 
surveyed  and  opportunities  for  diverting  the  water  have  been  examined.  The  most  impor- 
tant point  at  which  water  may  be  held  is  in  Lake  Tahoe,  which  is  crossed  by  the  State 
boundary,  being  partly  in  California  and  partly  in  Nevada.  The  outlet  into  Truckee  River 
is  in  California,  and  the  river  continues  in  that  State  for  several  miles.  The  simplest  project, 
from  an  engineering  standpoint,  is  to  utilize  Lake  Tahoe;  but  owing  to  the  legal  difficulites 
it  has  not  been  deemed  wise  to  begin  at  the  upper  end  of  the  river. 

The  waters  of  Truckee  River  are  used  for  the  irrigation  of  lands  in  the  vicinity  of  Reno. 
Below  these  lands  the  river  flows  through  a  narrow  canyon  and  then  turns  to  the  north,  its 
waters  being  lost  in  Pyramid  and  Winnemucca  lakes.  In  this  lower  canyon  a  canal  has 
been  constructed  to  take  out  the  flood  and  excess  waters  of  Truckee  River,  which  would 
otherwise  be  lost  in  the  lakes,  and  carry  them  southeastward  to  a  reservoir  site  on  the  lower 
part  of  Carson  River.  In  this  same  reservoir  the  excess  waters  of  the  latter  stream  can  also 
be  used.  From  this  reservoir  distributing  canals  can  be  built  to  cover  several  hundred  thou* 
tend  acres  ci  land  near  Carson  Sink. 

MAIN   TRUCKEE   CANAL. 

Plans  and  estimates  made  by  L.  H.  Taylor  were  submitted  to  a  boand  of  consulting  engi- 
neers, consisting  of  Messrs.  Wisner,  Davis,  and  Quinton,  and  approved  by  them  in  May, 
1903.  Bids  were  opened  in  July,  1903,  for  the  construction  of  the  canal  from  Truckee 
River,  the  work  consisting  of  three  divisions.  A  contract  was  entered  into  August  28, 1908, 
with  E.  B.  &  A.  L.  Stone  Company  to  construct  division  3  of  the  canal,  and  September  3, 
1903,  with  C.  A.  Warren  &  Co.  to  construct  divisions  1  and  2. 

MAIN    DISTRIBUTING   CANALS. 

It  is  proposed  to  divert  water  from  Carson  River  at  a  point  about  5  miles  below  the  lower 
Carson  reservoir  site  by  means  of  two  main  canals,  that  on  the  south  side  of  the  river  having 
a  capacity  of  1,S00  second-feet,  and  that  on  the  north  side  about  450  second-feet.  These 
canals,  with  their  main  branches,  will  traverse  Carson  Sink  Valley  and  constitute  the  main 
distributing  system  for  about  200,000  acres  of  land. 
258 
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PlaDs  and  estimates  made  by  L.  H.  Taylor  were  submitted  to  a  board  of  consulting  engi- 
neers, consisting  of  Messrs.  Quinton,  Sanders,  and  Savage,  and  approved  by  them  April  15, 
1904;  the  recommendation  was  approved  by  the  Secretary  May  24,  1904.  Proposals  for 
the  construction  of  37  miles  of  the  main  distributing  canals,  with  diverting  dam,  regulating 
gates,  spillways,  falls,  weirs,  and  bridges,  were  opened  at  Reno,  Nev.,  July  15,  1904.  Con- 
tracts for  this  work  were  awarded  as  follows: 

Earthwork,  about  1,500,000  cubic  yards  excavation,  to  Pacific  Coast  Construction  Com- 
pany, of  Portland,  Oreg. ;  contract  dated  September  9,  1904. 

Headworks,  to  R.  C.  Mattingly,  of  San  Francisco,  Cal. ;  contract  dated  September  29, 1904. 

Falls,  lateral  head-gates,  spillways,  etc.,  to  San  Francisco  Construction  Company,  of  San 
Francisco,  Cal. ;  contract  dated  September  17,  1904. 

Bridges,  to  C.  W.  Swain,  of  lone,  Cal.;  contract  dated  August  19,  1904. 

LATERAL   DISTRIBUTION    SYSTEM. 

The  irrigable  lands  in  Carson  Sink  Valley  have  been  divided  into  six  separate  districts. 
Each  district  comprises  from  25,000  to  50,000  acres,  and  will  be  reclaimed  by  a  system  of 
lateral  distributaries  supplied  with  water  from  the  above  main  distributing  system,  with  the 
requisite  waste  ditches.  It  is  proposed  to  T;lose  two  of  the  three  branches  into  which  Carson 
River  divides,  and  to  improve  the  third  (Old  Carson  River)  channel  to  convey  the  surplus 
or  flood  waters  to  Carson  Sink.  The  general  plan  for  the  project  also  contemplates  utilizing 
a  drop  of  26  feet  in  the  main  south-side  distributing  canal  to  develop  power  for  pumping 
water  to  lands  along  the  border  of  the  valley  too  high  to  be  reached  by  gravity  ditches. 
For  this  purpose  it  is  proposed,  in  connection  with  the  construction  of  the  fall,  to  build  the 
foundation  of  the  necessaiy  power  house  preparatory  to  the  future  installation  of  machinery. 

Plans  and  estimate?  made  by  L.  H.  Taylor  for  the  lateral  and  waste  ditches  for  portions 
of  districts  1  and  2  part  of  the  Carson  River  old-channel  canal  and  the  26-foot  fall  and 
power-house  foimdation  were  approved  by  a  board  of  consulting  engineers,  consisting  of 
Messrs.  Quinton,  Sanders,  and  Davis.  Proposals  for  construction  were  opened  at  Hazen, 
Nev.,  December  15,  1904,  the  work  being  divided  into  six  parts.  Contracts  were  awarded 
as  follows: 

Divisions  1,  2,  and  6,  to  San  Francisco  Construction  Company,  of  San  Prancisco,  Cal.; 
contract  dated  February  3,  1905. 

Divisions  3  and  4,  to  Utah  Construction  Company,  of  Ogden,  Utah;  contract  dated  Feb- 
niaiy  10, 1905. 

Division  5,  to  Pacific  Coast  Construction  Company,  of  Portland,  Oreg.;  contract  dated 
February  21.  iq05. 
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PRESENT  CONDITION  OF  WORK. 

Work  under  all  the  contracts  above  enumerated  has  been  completed,  except  that  of  the 
San  Francisco  Construction  Company  on  divisions  1  and  2  of  lateral  canals,  of  the  Utah 
Construction  Company  on  division  4  of  lateral  canals,  and  of  Edward  Malley  on  the  Tahoe 
outlet  and  regulating  works.  The  first  two  of  these  contracts  are,  however,  rapidly 
approaching  completion. 

About  75  miles  of  lateral  and  waste  ditches  have  been  constructed  on  force  account. 
This  Work  is  stUl  progressing  in  a  satisfactory  manner  and  at  a  considerable  saving  over 
similar  work  done  by  contract. 

Topographic  mapping  of  all  irrigable  lands  in  the  various  valleys  imder  the  Truckee- 
Carson  project  was  completed  early  in  the  summer.  Views  of  the  completed  works  on  the 
Tmckee-Carson  project  are  shown  on  Pis.  XXXIX-XLIII. 

LAKE  TAHOE  STORAGE  RESERVOIR. 

Work  on  the  Truckee-Carson  project  having  progressed  to  the  point  of  actuaUy  supply- 
ing water  for  irrigation,  it  became  necessary,  in  order  to  insure  an  adequate  supply  during 
the  season  of  1906,  to  begin  the  construction  of  storage  reservoirs.  Of  the  available  reser- 
voir sites  having  sufficient  capacity.  Lake  Tahoe  is  the  cheapest  and  easiest  to  utilize. 
Accordingly  plans  and  estimates  were  prepared  by  L.  H.  Taylor,  submitted  to  a  board  of 
consulting  engineers,  and  approved  by  them  April  3,  1905.  The  recommendation  was 
approved  by  the  Secretary  April  29,  1905.  Proposals  for  construction  of  the  Lake  Tahoe 
outlet  and  controlling  works  and  bridge  (Pis.  XLIV  and  XLV)  were  opened  at  Ilazen,  Nev., 
June  15,  1905. 

Bids  received  for  the  oanslrucHon  of  Lake  Tahoe  oudet  and  regxdating  works,  Trudcee^arson 

project,  Nevada. 


Work. 


Quan- 
tity. 


Excavation: 

ClasB  1 cubic  yards. 

aa8a2 do... 

Class  3 do... 

Class  4 do... 

Overhaul do. . . 

Concrete do . . . 

Paving square  yards. 

Flashboard  with  hooks  3"  by  j 
12"  by  5' 4" ' 

Flashboard  without  hooks  2"  \ 
by  8"  by  5' 4" 

Foot  planks  3"  by  12"  by  14'  0". ' 

Cast  iron pounds. . ' 

Steel  in  place  in  concrete. do ' 

Puddling cubic  yards. . 

Dredging  in  lake do ' 


90,000 

1,000 

100 

100 

1,000 

500 

1,000 

160 

40 

10 

8,000 

1,000 

100 

5,000 


Total  bid. 


Edward  Malley, 
Rialto  Building, 
San  Francisco, 
Cal. 


Unit 
price. 


Amount. 


10.25 
.50 
1.00 
L60 
.04 
10.00 
1.00 

1.00 

.25 
1.00 

.07 

.07 
1.00 

.40 


S22,50a00 

.500.00 

100.00 

150.00 

40.00 

5,000.00 

i,ooaoo 

160.00 

10.00 
10.00 

560.00 
70.00 

100.00 
2,000.00 


Burrell  Construc- 
tion Co.,  Oak- 
land, Cal. 


Cotton  Bros.  A  Co., 
Oakland,  CaL 


Unit 
price. 


$0.1YA 
.49 
1.50 
1.90 
.02i 
14.00 
1.90 

1.25 

1.00 
1.60 

.08 

.16 
1.90 
1.00 


Amount. 


Unit 
price. 


32,200.00 


116,110.00 
490.00 
150.00 
190.00 
25.00 
7,450.00 
1,900.00 

200.00 

40.00 

15.00 

640.00 

160.00 

190.00 

5,000.00 


Amount. 


ia23i 
.90 
.50 
1.00 
.OU 
10.00 
LOO 

.50 

.25 
.80 
.05 
.10 
.65 
1.20 


32,560.00        (•) 


t21,150.00 

9oaoo 
5a  00 

100.00 

15.00 

5,000.00 

i,ooaoo 

80.00 

10.00 
&00 

4oaoo 

100.00 

65.00 

6,000.00 


034,878.00 


aBaaisofbid:  Entire  schedule. 
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COMPLETED   PORTION   OF  CEMENT-LINED  CANAL  BELOW  THE  EAST   END  OF 
TUNNEL  7,   DIVISION   2,  TRUCKEE-CARSON   PROJECT,   NEVADA. 


R     ROCK  CUT,  TRUCKEE  CANAL,  TRUCKEE-CARSON    PROJECT.   NEVADA. 
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B.     DROP  AT  DERBY  WASTEWAY  AND  TOP  OF  WASTEWAY  GATES,  TRUCKEE-CARSON 

PROJECT,   NEVADA. 
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B      VIEW   WEST  OF  TRUCKEE  CANAL  FROM  TOP  OF  TUNNEL  2,   DIVISION   2.  TRUCKEE- 
CARSON    PROJECT,   NEVADA. 


Showing  completed  portion  of  cement-(ined  canal. 
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Bids  received  for  ihe  construdion  of  Lake  Tahoe  ouUet  and  regtdaling  vjorlca,  Truckee-Carson 

project f  Nevada — Continued. 


Work. 


E.B.&  A.L. 

Stone,  Oakland, 

Cal. 


Unit 
price. 


Excavation: 

ClaMl 10.35 


'by 


Class  2 

Class  3 

aas8  4 

Oveitaaul 

Concrete 

Paving 

Flashboard  with  hooks  3' 
12"  by  6' 4" 

Flashboard  without  hooks  2" 
by  8"  by  5' 4" 

Foot  planks  3"  by  12"  by  ,14'  0" 

Cast  Iron. 

Steel  In  place  in  concrete 

Paddling 1.50 

Dredging  in  lake. I    2.00 

Total  bid 


.75 
1.00 
1.25 

.02 
12.00 
1.50 

1.00 

.50 
1.75 
.06 
.06 


Amount. 


$31,500.00 
750.00 

loaoo 

125.00 

20.00 

6,000.00 

1,500.00 


William  Degen,  Fresno,  Cal. 


Unit 
price. 


10.40 
.50 
.70 
.96  I 
.Oli 

11.00 
2.50 


160.00  I     1.30 


20.00 
17.50 

480.00 
60.  OU 

150.00 
10,000.00 


.40 
2.50  I 
.06 
.06 
.40 
1.20 


$36,000.00 

500.00 

7a  00 

05.00 

15.00 

5,500.00 

2,500.00 

208.00 

16.00 
25.00 
64a  00 
60.00 
40.00 
6,000.00 


City  Street  Im- 
provement Co., 
512  Mills  Build- 
ing, San  Fran- 
cisco, Cal. 


Unit  I  A«^„„*     Unit 
price.  I  ^°>^"°'-    price. 


$0.45  $4Q,500.00  $0.79 


(o)     050,882.50       (o)      051,669.00 


.55 
.75 

1.00 

.014 

14.00 

4.00 

2.50 

1.00 
5.00 
.08 
.06 
.40 
4.50 


(*) 


550.00 

75.00 

100.00 

15.00 

7,000.00 

4,000.00 

400.00 

40.00 
50.00 
640.00 
60.00 
40.00 
22,500.00 


1.00 
1.00 
.05 
&10 
2.76 

1.30 

.90 
2.50 
.10 
.10 
.20 
1.97 


Amount. 


$71,100.00 
85a  00 
100.00 
100.00 
50.00 
4,050.00 
2,750.00 

208.00 

36.00 
25.00 
800.00 
100.00 
20.00 
9,850.00 


675,970.00  I    (o)     090,039.00 


a  Basis  of  bid :  Entire  schedule.  b  Basis  of  bid :  Separate  items. 

A  contract  for  construction,  dated  July  5,  1905,  was  awarded  to  Edward  Malley,  of  San 
Francisco,  Cal.  The  contractor  began  work  early  in  August,  but  was  stopped  August 
21  by  an  injunction  issued  by  a  State  court  of  California  at  the  instance  of  a  property 
owner  on  the  shore  of  the  lake,  who  claims  that  the  plans  of  the  Government  wlil  work 
an  injury  ta  his  property. 

Owing  to  the  impracticability  of  completing  the  location  and  plans  for  a  portion  of  the 
lateral-distribution  system  necessary  to  supply  water  to  a  number  of  farms  having  old 
water  rights,  as  well  as  to  a  portion  of  the  arable  lands  in  district  No.  1,  in  time  to  obtain 
proposals  and  award  contracts  for  their  completion  during  the  current  year,  the  construc- 
tion of  about  100  miles  of  lateral  and  waste  ditches  was  undertaken  on  force  account. 

A  more  detailed  examination  and  classification  of  the  irrigable  lands  in  Carson  Sink 
Valley  was  begun  in  July  and  is  well  under  way.  The  lands  in  district  No.  3  have  been 
subdivided  into  farms  unit  and  maps  thereof  are  being  made. 

Early  in  the  summer  two  engineering  parties  began  the  location  of  lateral  and  drainage 
ditches  in  district  No.  3,  and  recently  two  similar  parties  have  been  placed  on  like  work 
in  each  of  districts  4  and  5.  Plans  and  estimates  are  now  in  preparation  on  which  to  invite 
proposals  for  the  construction  of  a  portion  of  these  ditches. 

Preparations  are  being  made  to  begin  diamond  drilling  at  Alkali  Flat  reservoir  site,  on 
Carson  River,  as  well  as  at  a  number  of  dam  sites  on  the  headwaters  of  that  stream  and 
Truckee  River. 

Under  the  contract  with  J.  D.  Spreckels  &  Bros.  Company  for  supplying  cement,  35,223 
barrels  of  cement  were  purchased  at  S2.55  per  barrel.  A  contract  was  then  entered  into 
with  the  Pacific  Portland  Cement  Company,  of  San  Francisco,  Cal.,  for  10,000  barrels,  f .  o.  b 
Tolenas,  Cal.,  at  $1 .50  per  barrel.  This  having  been  completed,  proposals  for  2,500  barrels 
additional  were  opened  on  July  25,  1905.  The  bid  of  the  Pacific  Portland  Cement  Com- 
pany being  the  lowest  ($1.50  per  barrel  f.  o.  b.  Tolenas,  Cal.),  was  accepted  and  deliveries 
are  now  being  made  by  that  firm. 

The  constnictipn  of  a  telephone  system,  connecting  different  parts  of  the  work,  by  force 
account,  is  progressing  satiafactorily  and  about  65  miles  are  completed. 
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EXPENDITURES. 

The  expenditures  to  September  30, 1905,  were  as  follows: 

Expeiidiiures  on  Truckee-CarBon  project  to  September  30 ^  1906. 

Main  canal  and  dam: 
Excavation — 

C.  A.  Warren  &Co $949,758.33 

E.B.&  A.  L.Stone  Company 339,118.80 

$1, 288, 877. 13 

Distributing  canals: 

Excavation,  Pacific  Coast  Construction  Company 254, 777. 26 

Headworks,  R.  C.  Mattingly 60,773.13 

Head-gates,  San  Francisco  Construction  Company 53, 947. 76 

Bridges — 

C.F.Swain 2,040.00 

Force  account 1, 200. 00 

372,738.15 

Lateral  ditches,  excavations: 

San  Francisco  Construction  Company 92, 778. 86 

Pacific  Coast  Construction  Company 43, 436. 31 

Utah  Construction  Company 77, 529. 71 

Force  account 125,000.00 

338,744.88 

Telephone  line,  force  account 5, 600. 00 

OflSce  buildings,  quarters,  corrals,  storehouses,  and  shops 45, 000. 00 

Cement: 

Spreckels  &  Bros.  Company 89, 818. 65 

Pacific  Portland  Cement  Company 15, 021. 00 

104,839.65 

Purchase  of  lands 37,617.00 

Preliminary  examination 6, 700. 00 

Final  surveys,  design,  etc 106, 000. 00 

Engineering  and  inspection  on  construction 112, 000. 00 

Administration  and  operation 80, 005. 49 

Total 2,498,122.30 

WAIiKER  RIVER  PROJECT. 

At  the  instance  of  the  farmers  in  the  valley  of  Walker  River,  who  are  involved  in  litiga- 
tion over  their  water  rights  on  account  of  the  insufficiency  of  the  supply  for  irrigation  in  the 
latter  part  of  the  season,  the  Secretary  authorized  an  investigation  of  the  feasibility  of  stor- 
ing enough  of  the  flood  waters  to  provide  an  ample  supply  to  all  lands  now  under  cultivation 
and  irrigation.  A  reservoir  site  for  this  purpose  was  carefully  examined  and  found  to  be 
economical  of  construction,  but  the  land  owners  have  thus  far  failed  to  organize  a  water- 
users'  association,  and  take  the  other  necessary  steps  in  compliance  with  the  terms  of  the 
reclamation  act,  which  are  a  condition  requisite  to  the  commencement  of  construction.  In 
the  meantime,  in  cooperation  with  the  State  engineer,  all  the  irrigated  and  irrigable  lands, 
together  with  two  other  reservoir  sites,  are  being  surveyed  and  mapped  on  a  scale  of  1,320 
feet  to  the  inch,  with  contour  interval  of  5  feet.  This  work  wiU  probably  be  comj^ted  dur- 
ing November. 
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HUMBOIiDT  KIVER  PROJECT. 

In  September  a  general  study  of  the  irrigation  possibilities  in  the  basin  of  Humboldt  River 
was  begun  and  is  now  being  carried  on. 

RECONNAISSANCE  SURVEYS. 

Reconnaissance  surveys  have  been  carried  on  along  important  streams  in  Nevada,  largely 
in  cooperation  with  the  State  engineer.  Measurements  of  important  streams  are  also  being 
made  in  cooperation  with  him,  and  facts  concerning  the  character  and  extent  of  present 
water  rights  are  being  ascertained.  Studies  of  evaporation  at  Lake  Tahoe  and  other  points 
in  the  basins  of  Truckee  and  Carson  rivers  are  also  being  made 
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OPERATIONS  IN  NEW  MEXICO. 

By  B.  M.  Hall. 

CARIiSBAD  PROJECT.a 

The  Carlsbad  project  contemplates  the  fumiahlng  of  water  to  about  20,000  acres  of  land 
that  are  under  the  irrigation  system  of  the  Pecos  Irrigation  Company.  These  lands  have 
been  irrigated,  but  a  series  of  accidents  to  the  works  of  the  company  made  the  delivery  of 
water  uncertain  and  produced  a  condition  that  it  felt  unable  to  remedy  in  a  permanent  man- 
ner. In  order  to  prevent  the  cultivated  lands  again  becoming  desert,  the  Reclamation  Ser- 
vice was  asked  to  take  over  the  works  and  put  them  in  proper  condition.  InvestigatioDs 
were  begun  by  the  Service  in  January,  1905,  and  are  now  in  progress. 

EXISTING  IRRIGATION  SYSTEM. 

The  reservoirs  and  canal  system  of  the  Pecos  Irrigation  Company  are  shown  on  the  accom- 
panying general  map  (PI.  XLVI).  Two  reservoirs  have  been  constructed  by  this  company 
and  its  predecessors — Lake  McMillan,  the  storage  reservoir,  and  Lake  Avalon,  the  distribut- 
ing reservoir.  The  general  plan  of  construction  was  the  same,  the  reservoir  in  each  case 
being  formed  by  a  hi^  long  dam  across  the  stream  channel  at  a  point  where  the  vaUey  is  nar- 
rowed by  limestone  bluffs.  The  dam  at  Lake  McMillan  has  a  crest  length  of  1,686  feet  and 
a  maximum  height  of  52  feet,  and  the  dam  at  Lake  Avalon  was  1,380  feet  long  and  had  a 
maximum  height  of  50  feet.  The  cross  sections  of  the  two  dams  were  closely  similar.  At 
Lake  McMillan  the  downstream  portion  of  the  dam  consists  of  a  rock  fill  with  downstream 
slope  of  1}  to  1,  upstream  slope  }  to  1,  and  top  width  of  6  feet.  The  upstream  portion  of  the 
dam  is  of  earth,  with  a  water  slope  of  3}  to  1  and  a  crest  width  of  14  feet.  The  water  face  is 
paved  with  about  18  inches  of  broken  stone,  apparently  hand  laid  and  sledged  to  place. 
The  crown  of  the  embankment  is  10  feet  higher  than  the  maximum  proposed  flow  line,  25 
feet  above  the  gate  sill.  On  the  water  face  a  portion  of  the  bank,  followed  by  the  riprap, 
has  broken  down,  assuming  a  slope  of  about  5  to  1,  estimated. 

When  constructed  this  reservoir  had  a  total  storage  capacity  of  80,000  second-feet,  and 
when  full  submerged  8,331  acres.  In  order  to  bring  it  up  to  this  capacity  an  embankment 
about  5,200  feet  in  length  and  with  a  maximum  height  of  18.8  feet  was  built  across  a  k>w- 
lying  piece  of  ground  to  the  west  of  the  main  dam.  It  is  uncertain  that  the  reservoir  was 
ever  filled  to  its  utmost  capacity,  and  at  present,  for  reasons  which  will  be  discussed  later,  the 
storage  capacity  has  become  very  greatly  reduced. 

ThiB  reservoir  is  provided  with  an  outlet  canal  on  the  east  side  of  the  river,  cut  through  a 
very  poor  quahty  of  rock  and  leading  back  into  the  river  at  a  point  about  300  feet  below  the 
head- gates.  These  gates,  six  in  number,  are  of  wood,  4  feet  wide  by  8  feet  high,  with  a 
dear  opening  of  about  3  feet  4  inches,  and  are  raised  by  iron  screws  operated  by  hand.  As 
originally  planned  a  spillway  was  built  between  the  east  end  of  the  dam  and  the  gates,  the 
water  returning  to  the  river  very  close  to  the  outlet  canal  and  to  the  lower  toe  of  the  dam. 
This,  however,  was  considered  a  danger  point  and  was  abandoned  and  blocked.  The  spill- 
way used  at  ordinaiy  flood  stages  is  cut  through  rock  about  1  mile  west  of  the  end  on  the 
dam,  the  water  discharging  into  an  arroyo  which  delivers  it  into  the  river  at  a  point  about 
2  miles  below.  In  addition  to  this  a  cut  has  been  made  in  the  bank  still  farther  west  to  serve 
as  a  spillway,  discharging  eventually  into  the  same  arroyo  as  the  spillway  last  mentioned. 
The  water  has  been  cutting  back  from  the  discharge  end  at  this  point  and  has  now  cut  \Mk 
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to  the  bank.    A  few  more  large  floods  will  probably  turn  the  river  channel  through  this 
point,  emptying  the  reservoir  unless  some  preventive  work  is  done  at  an  early  date. 

The  dam  at  Lake  Avalon  was  very  similar  to  that  at  Lake  McMillan.  This  reservoir  as 
constructed  is  stated  to  have  had  a  capacity  of  6,300  acre-feet  and  to  have  submerged 
1 ,980  acres.  It  is  no  longer  in  existence,  as  the  dam  was  destroyed  by  the  flood  of  Octo- 
ber, 1904. 

The  canal  had  a  bottom  width  at  the  re-servoir  of  45  feet,  with  a  bank  on  the  lower  or  river 
side,  side  slopes  of  1 }  to  1  and  a  berm  of  5  feet  between  excavation  and  embankment,  the 
crown  of  the  bank  being  8  feet  above  canal  grade.  The  grade  of  the  canal  was  1.5  feet  in 
5,000.  There  was  no  upper  bank  to  the  cxmal,  in  order,  as  stated,  that  storm  waters  might 
have  easy  access;  spUlways  were  put  in  the  lower  bank  for  the  purpose  of  disposing  of  the 
surplus  water. 

The  canal  divides  at  a  point  about  3  miles  below  the  head-gates,  one  branch,  known  as  the 
east-side  canal,  watering  the  suburb  of  La  Huerta  and  Hagerman  Heights,  and  extending  for 
some  20  miles  below  its  intake. 

The  main  or  southern  canal,  with  a  bottom  width  of  25  feet,  crosses  the  river  by  an  enor- 
mous concrete  aqueduct  consisting  of  four  arched  spans  of  100  feet  each,  and  serves  all  the 
land  on  the  west  side  above  Black  River.  From  the  aqueduct  to  Dark  Canyon,  a  distance 
of  about  3  miles,  the  canal  passes  through  a  sandy  loam  and  loose  broken  limestone  and 
conglomerate,  and  there  is  here  some  loss  from  seepage,  indicated  by  additional  water  in 
springs  and  by  saturated  lands  below  the  canal.  The  bottom  of  Dark  Canyon  where  the 
canal  crosses  is  a  mass  of  coarse  gravel  and  bowlders.  As  elsewhere,  the  canal  is  single 
banked,  the  embankment  on  the  lower  side  having  been  provided  with  a  timber  spillway, 
now  destroyed,  to  pass  the  floods  to  which  the  canyon  is  subject,  whUe  a  bulkhead  prevents 
the  entrance  of  too  great  quantities  of  water  into  the  canal  below  this  point.  There  is  evi- 
dently a  considerable  loss  here,  as  a  large  area  is  submerged  by  the  back  water  from  the  canal 
and  it  is  said  that  much  water  finds  its  way  beneath  the  embankment  through  the  gravel. 
For  about  13  miles  below  Dark  Canyon  the  soil  is  more  largely  clay,  and  though  there  is 
probably  no  single  place  where  the  loss  is  as  great  as  at  Dark  Canyon,  still  the  aggregate 
amount  of  leakage  is  large,  as  is  proved  by  the  fact  that  lands  lying  below  have  been  rendered 
unfit  for  cultivation  by  the  seepage  waters.  At  ''Gyp  Bend,''  still  farther  down,  the  canal 
b  excavated  for  several  miles  through  a  gypsum  formation  and  the  loss  of  water  is  enor- 
mous, reaching  at  times  75  per  cent  of  the  amount  flowing  in  the  canal.  Three  miles  below 
this  point  the  canal  reaches  Black  River,  which  was  formerly  crossed  by  a  timber  flume ;  this, 
however,  rotted  away  some  years  ago  and  has  never  been  replaced.  Instead,  a  low  concrete 
dam  about  70  feet  long  and  from  2  to  4  feet  high  has  been  built  across  the  river  and  from  this 
a  new  canal  about  3  miles  long  has  been  constructed,  joining  one  of  the  larger  laterals  from 
the  old  canal  on  higher  ground.  The  water  from  the  canal  was  dropped  into  the  river  at  the 
old  flume  crossing  and  taken  out  by  the  new  canal.  About  9  second-feet  of  water  obtained 
from  Black  River  are  thus  rende  '9^^  available  in  addition  to  the  amount  carried  by  the  main 
canal.  So  far  as  can  be  ascertained  the  high-line  canal  south  of  Black  River  has  been  used 
very  little,  if  at  all. 

The  topography  of  the  country  is  such  that  most  of  the  main  laterals  run  on  the  land  lines, 
the  grade  foUowing  the  natural  slope  of  the  surface,  though  in  some  cases  drops  have  been 
built,  and  in  places  the  canal  grade  is  supported  on  small  fills. 

WATER  RIGHTS. 

The  lands  of  the  valley  have  been  in  part  owned  by  the  Pecos  Irrigation  Company,  in 
part  by  private  individuals,  and  a  part  b  stfll  in  Government  ownership.  To  those  pur- 
chasing land  from  the  company,  at  prices  of  from  $35  to  $40  per  acre,  a  deed  was  given 
Attaching  a  permanent  wat^r  right  to  the  land  for  no  further  consideration  than  the  pay- 
menty  semiannually  in  advance,  of  a  rental  charge  of  $1.25  per  acre  for  a  delivery  of  1 
acre-foot,  or  so  much  thereof  as  might  be  necessary  for  the  cultivation  of  a  crop,  this 
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water  to  be  delivered  to  the  consumer  at  the  main  canal,  and  not  at  his  land.  The  private 
landowner  who  desired  to  purchase  a  water  right  could  do  so  for  the  sum  of  $IOX)0  per  acre, 
on  the  same  rental  conditions  as  if  land  were  purchased  from  the  company. 

At  present  there  are  in  private  ownership  under  the  canals  26,375  acres  of  land  which 
have  water  rights  attached  to  them, a  and  the  company  still  owns  and  has  for  sale  24,470 
acres  to  which  these  water  rights  are  attached.  The  location  of  these  lands,  owned  by 
the  company  and  by  individuals,  is  shown  on  the  general  map  (PL  XLVI). 

SOILS. 

The  lands  lying  under  the  Carlsbad  project  have  been  farmed  for  neariy  fifteen  yean. 
Blany  farmers  have  failed  to  make  a  living,  and  many  others  have  produced  but  little. 
Some  have  grown  profitable  crops,  and  have  thus  demonstrated  the  possibilities  of  the 
soil,  water,  and  climate.    The  following  table  shows  the  areas  of  different  classes  of  soil: 

Classification  of  lands  under  Carlsbad  project. 


Location. 


West  side  of  Pecos  River: 

Above  Cass  draw,  under  canal 

Cass  draw  to  Black  River 

Below  Black  River  to  middle  of  T.  24  S. ,  onder canal 

South  of  middle  of  T.  24  S. ,  under  extension  of  canal  to  Salt  draw 
East  side  of  Pecos  River: 

Under  present  east-side  canal 

Under  extension  of  east-side  canal 

Under  Hagerman  canal 

Total 


First        Third 

and  and 

second       fourth 


Acres. 

11,900 

15,200 

1,600 

10,000  I 

2,300 
6,300  : 
2,000 


Acre*. 
4,400 
9,J00 
4,900 
13,000 

1,500 
10,500 


52,300 


43,V 


The  first  class  includes  all  sand  and  sandy  loam  free  from  harmful  quantity  of  alkali 
salts;  if  covered  with  dunes  these  must  be  less  than  8  feet  high  and  entail  moderate 
expense  in  leveling.  Land  is  nearly  all  level  and  can  be  immediately  brought  into  profit- 
able cultivation.  Some  small  areas  may  be  above  canal  water  and  will  need  flumes  or 
terrepleins  to  permit  gravity  irrigation. 

The  second  class  includes  ail  lands  described  under  the  first  class  which  have  become 
damaged  by  alkali  or  seepage  water  to  such  an  extent  as  to  render  them  imsuitaUe  for 
general  crops.  These  lands  are  easily  drained,  and  from  the  few  attempts  at  drainage  it 
is  evident  that  they  can  be  brought  back  to  fertility  at  moderate  cost.  There  are  2,100 
acres  of  such  lands  needing  drainage,  and  surrounding  them  are  5,200  acres  of  land  slightly 
damaged  which  would  be  greatly  benefited  by  this  drainage. 

The  third  class  includes  two  distinct  grades — gypsum  land  and  gravel  land.  The  gyp- 
sum land  has  all  been  included  as  third  class,  but  there  is  a  certain  percentage  of  land 
among  this  which  on  more  detailed  mapping  can  be  placed  as  second  or  first  class.  This 
may  amount  to  as  much  as  50  per  cent  of  the  entire  amount  (10,400  acres)  of  gypsum 
land,  but  the  actual  area  can  not  be  determined  except  by  detailed  examination.  There 
is  considerable  doubt  of  the  practicability  of  farming  this  gypsiun  land,  as  will  be  shown 
later.  The  other  grade  (gravel  land)  includes  all  the  porous  gravel  lands  and  those 
under  which  the  gravel  conglomerate  is  near  the  surface.  There  is  a  large  area  of  such 
land  which  is  very  porous  and  shallow.  Irrigation  water  rapidly  sinks  out  of  sight  and 
large  amounts  of  water  are  required  to  grow  a  crop.  This  water,  running  through  the 
gravel  beds,  comes  out  below,  to  the  damage  of  bottom  lands.    At  the  present  time  irri- 


a  Since  this  report  was  written  the  water  rights  to  U,!^  acres  of  this  land  have  been  dedared  to 
have  lapsed,  valid  water  rights  are  now  therefore  attached  to  14,868  acres  of  Umd  In  private 
ownership. 
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gation  of  these  gravel  lands  is  not  profitable,  but  it  is  thought  that  later  these  conditions 
may  be  overcome. 

Fourth-class  land  includes  all  not  irrigable.  There  is  a  certain  amount  of  this  land 
below  the  canal  in  the  form  of  hills  not  irrigable  except  by  an  expensive  terreplein  or  by 
pumping. 

The  total  area  is  96,200  acres  of  all  classes.  It  will  probably  be  inadvisable  to  cultivate 
the  lands  of  the  third  and  fourth  classes,  and  with  these  deducted  there  remain  52,300 
acres  of  land  belonging  to  the  first  and  second  classes.  Included  in  this,  however,  are 
2,000  acres  lying  beneath  the  Hagerman  canal,  which  was  not  included  in  the  offer  made 
by  the  Pecos  Irrigation  Company  nor  in  this  investigation,  and  this  deducted  leaves 
50,300  acres.  Of  this  amount  8,600  acres  lie  under  the  east  side  canal — 2,300  acres  under 
the  canal  as  operated  and  6,300  under  the  canal  as  constructed  but  not  operated. 

WATER  SUPPLY. 

In  any  irrigation  project  the  total  amount  of  water  available  in  the  source  of  supply, 
its  distribution  throughout  the  year,  and  its  suitability  for  irrigation  purposes  are  the 
determining  factors  in  fixing  the  limits  of  the  area  which  can  be  reclaimed,  when  consid- 
ered in  proper  connection  with  the  conditions  of  soil,  climate,  crops,  and  farming  methods 
likely  to  be  followed,  all  of  which  enter  into  the  calculation  of  the  duty  of  water. 

The  data  concerning  the  flow  of  Pecos  River  presented  below  were  obtained  from  two 
sources,  those  from  1891  to  September  1, 1904,  being  obtained  from  the  records  of  water 
passed  through  the  headgates  and  over  the  spillways  at  Lake  Avalon,  the  amounts  having 
been  computed  by  Mr.  V.  L.  Sullivan,  engineer  of  the  Pecos  Irrigation  Company,  and 
separately  by  Mr.  J.  M.  Giles,  district  hydrographer.  As  far  as  possible  the  data  for  1904 
have  been  checked  by  comparison  with  the  records  of  the  Carlsbad  gaging  station,  and 
the  data  for  the  current  year  are  obtained  from  that  station. 

EstimaUd  morUfdy  discharge  in  acre-feei  of  Pecos  River  at  Avalon  dam. 


January.. 
Febraary. 
liaich.... 

April 

May 


1891. 


1805. 


June |/16,766 

26,025 

13,280 

51,290 

949,100 


July 

August 

September. 
October — 
November. 
December.. 


(«) 

8,965 

0,897 

20,513 

141,997 

80,440 

23,496 

7,165 

9,060 


156,350 


310,563 


1809.a 


13,627 

16,097 

8,641 

10,240 

14,777 

12,323 

21,908 

21,829 

14,064 

4,781 

2,338 

14,962 


151,076 


1900. 


1901. 


1902. 


1903. 


15,739 
9,090 
7,993 
10,155 
35,428 
26,589 
14,901 
24,491 
67,169 
26,725 
14,765 
5,634 


266,588 


9,636 
10,965 
7,425 
14,161 
16,853 
17,417 
38,678 
8,868 
10,837 
4,663 
5,203 
9,947 


12,977 
7,734 
11,907 
9,828 
23,766 
20,823 
19,171 
43,449 
31,387 
14,660 
83,967 
16,212 


153,643     294,880 


M7,321 
15,521 
8,424 
4,688 
9,934 
79,072 
11,331 
12,613 
4,236 
6,118 
3,068 
1,488 


1904. 


1906. 


173,714 


e4,762 
e8,724 

ell,  310 
e9,290 
(5,534 
16,640 

e  14, 794 


<<20,201 
^'41,814 
rf73,811 
<<67,748 
<i90,562 
'60,606 
<i  310, 790 


I 


•  No  records  of  spillage  for  the  years  1896, 1897,  and  1808  were  kept  except  during  1898,  when  106,270 
acr&-feet  were  spilled  at  Lake  Avalon. 

b  Gates  closed  at  McMillan  and  at  Avalon.  During  month  Lake  McMillan  gained  about  8,600  aore- 
feet. 

cThis  is  water  used  in  irrigation.    No  record  of  spillage,  if  any. 

d  Estimated  by  deducting  80  second-feet  from  flow  at  Carlsbad. 

«  There  was  water  either  passing  through  gates  or  over  spillway  during  March,  for  reservoir  fell 
•teadUy,  as  did  Lake  McMillan,  k        j         -e  , 

f  June  l»-30, 13  days. 

9  October  1-10, 10  days. 


H.  Doc.  86,  69-1- 
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Estimated  monthly  discharge  of  Pecos  River  at  Cadsbadf  N.  M ex.,  for  1904. 


Acre-feet. 

January 7, 333 

February 6, 542 

March 6,137 

April 6,319 

May 6,276 

June 6,510 

July 7,158 


Acre-feet. 

August 9,483 

September 10, 388 

October a  399, 700 

November 41,525 

December 29. 830 


The  year 537, 200 


Estimated  monthly  discharge  of  Pecos  River  at  RosweH,  N.  M ex.,  for  1904- 


Acre-feet. 

January 19, 185 

February 10, 346 

March 3,222 

April 3, 946 

May 4,613 

June 27,657 

July 36,089 


Acre-feet 

August 30,008 

September 122, 631 

October  5-7, 8-31 a331,011 

November 32, 210 

December 8,809 


The  year 629,727 


The  records  of  discharge  from  the  reservoirs  maintamed  by  th3  several  imgation  com- 
panies operating  this  project  are  incomplete  in  some  cases,  and  computations  based  on  them 
are  uncertain  to  the  extent  that  they  involve  the  use  of  coeflBcients  whose  value  can  not  be 
fixed  with  definiteness.  Even  so  the  results  are  probably  as  good,  provided  the  records  as 
kept  are  correct,  as  could  be  obtained  in  any  other  way,  but  the  computed  discharges  in 
some  instances  seem  surprisingly  low  in  view  of  the  large  area  drained  by  the  stream.  There 
are  no  records  of  spillage  for  1894  from  Avalon  reservoir,  and  there  may  have  been  none, 
in  which  case  the  water  entering  the  canal  would  represent  the  total  flow  of  the  stream. 
Again,  there  are  no  records  of  spillage  for  1896,  1897,  and  1898,  and  so  again  there  may 
have  been  none,  but  the  records  are  so  incomplete  as  to  render  any  computation  from  them 
of  the  water  taken  into  the  canal  open  to  very  grave  doubt,  so  this  has  not  been  made. 
This  reduces  the  length  of  record  to  be  considered  to  the  period  since  1899.  During  this 
time  a  large  surplus  was  recorded  in  each  rainy  season,  and  it  seems  reasonable  to  conclude 
that  some  spillage  must  have  occurred  in  the  other  years.  With  this  fact  and  the  length 
of  the  record  in  mind,  the  computations  have  been  based  on  the  lowest  annual  flow. 

Storage  capacity  for  the  flow  of  more  than  a  single  year  is  not  to  be  had  within  the  limits 
of  the  present  sjrstem,  and  it  may  be  assumed  that  about  150,000  acre-feet  per  annum 
represents  the  annual  flow  of  the  stream  so  far  as  this  project  is  concerned. 

The  total  storage  capacity  of  the  possible  reservoirs  is  as  follows:  Lake  McMillan,  gage 
height  of  25  feet,  62,000  acre-feet;  reservoir  No.  3,  65,535  acre-feet;  &  Lake  Avalon,  5,578 
acre-feet.  This  gives  a  total  capacity  of  133,113  acre-feet,  or,  in  other  words,  with  all  the 
reservoirs  full  at  the  beginning  of  an  irrigating  season  and  with  no  inflow  that  amount  of 
water  would  be  available  for  irrigation.  However,  there  will  be  a  flow  into  the  reservoir 
system  during  all  the  period  of  draft — at  times  a  very  large  flow,  as  may  be  seen  from  the 
preceding  tables,  which  show  as  exactly  as  possible  the  amount  of  this  inflow  to  be  expected 
and  give  some  general  idea  as  to  when  it  may  be  available. 

To  ascertain  the  draft  on  the  reservoirs  under  the  present  methods  of  farming  and  water 
distribution,  the  records  of  water  deHvery  kept  by  the  irrigation  company  were  examined, 
and  the  use  of  water  in  acre-feet  per  acre  for  each  month  of  the  irrigating  season  was  tabu- 

a  Computed  by  J.  M.  Giles. 

fr  The  investigations  made  since  tliis  report  was  written  have  shown  that  this  xeservoir  site  is  unsafe 
on  account  of  the  occurrence  of  large  beds  of  gypsum  in  its  bottom. 
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lated  for  each  irrigation  division  for  the  years  from  1899  to  1903,  inclusive.  During  these 
years  the  quantity  of  water  in  acre-feet  per  acre  used  in  irrigation  by  the  system  as  a  whole 
was  as  follows: 

Water  used  in  irrigation  under  Pecos  Irrigation  Company's  system  j  1899-1903. 


Year. 

Acre- 
feet  per 
acre. 

Acres 
Irri- 
gated. 

1890 

4.39 
3.23 
3.48 
3.02 
3.03 

8,881 
8,645 
9,131 

1900 

1901 

1902 

12,018 
8,378 

1903 

MONTHLY  PERCENTAGE  OF  TOTAL  DRAFT. 
Percent. 


Per  cent. 


January 0. 0 

February 0 

March 8. 8 

April 18.1 

May 16.0 

June 13.8 

July 12.5 


August 16. 8 

September 9. 4 

October 3. 6 

November 1.0 

December 0 


100.0 


In  1899,  therefore,  the  average  use  of  water  on  all  the  lands  was  4.39  acre-feet,  ranging 
from  6.51  acre-feet  on  canal  division  1  to  2.96  acre-feet  on  division  3.  This  gives  an  average 
duty  in  this  year  of  164  acres  per  second-foot,  with  a  flow  of  twelve  months  used  during  the 
period  between  March  1  and  October  1  and  measured  at  the  farm  distributary.  The  mini- 
mum duty  (in  division  1)  was  111  acres  and  the  maximum  (in  division  3)  244  acres.  If  no 
account  be  taken  of  storage  for  the  nonirrigating  period,  then  the  average  duty  of  water  for 
this  year  falb  to  96  acres,  measured  at  the  land,  as  before,  while  the  maximum  duty  is  154 
acres. 

In  1902|  when  the  average  amount  used  was  least — being  3.02  acre-feet,  with  a  minimum 
use  (in  division  No.  3)  of  1.67  acre-feet  and  maximum  (in  division  No.  1)  of  5.36  acre-feet — 
the  average  duty  per  second-foot  was  239  acres,  the  maximum  was  434  acre>s,  and  the 
minimum  was  135  acres,  all  the  water,  as  before,  being  measured  on  the  land. 

The  following  figures  show  the  losses  in  the  existing  canal  system.  Those  for  the  years 
1899-1901  are  taken  from  reports  of  Mr.  W.  M.  Reed,  and  those  for  the  years  1902-1904 
have  been  compiled  direct  from  the  original  records. 

Amounts  of  water  taken  into  the  canal  and  used  on  lands  under  Carlsbad  project,  1899-1904, 


Year. 


Land 
covered. 


1899 
1900 
1901 
1902 
19Q? 


Acrea. 
8,410.0 
8,296.0 
8,760.0 

12,018.5 
8,378.0 


Taken  at  headgates. 


Acre-feet. 
55,589.13 
58,022.06 
88,400.60 
78,832.00 
66,919.00 


Acre-feet 
per  acre. 

6.61 

6.99 

10.09 

6.66 

7.96 


Used  on  lands. 


Acre-feet. 
24, 142. 72 
24,993.46 
35.041.98 
31,234.05 
21,389.79 


Acre-feet 
per  acre. 

4.39 

3.23 

3.48 

3.02 

3.03 


Loss. 


Per  cent. 
33.6 
53.8 
65.5 
54.0 
62.0 


The  above  shows  that,  in  1903,  out  of  every  100  acre-feet  taken  into  the  canal,  only  38 
acre-feet  were  available  for  use.    As  a  general  average,  or  perhaps  more  correctly  accord- 
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ing  to  the  weighted  averages,  it  was  necessary  to  take  into  the  canal  2.02  acre-feet  for  eadi 
acre-foot  delivered.  The  gross  duty  of  water  under  the  canals  of  the  Pecos  Inigatioa 
Company  has  been,  therefore,  as  follows: 

Duty  of  water  under  Pecoa  Irrigation  Company's  8y9tem,  1899-190$. 

Acres  per     I  Acres  per 

second-foot,   j  second-foot. 

1809 109      1902 110 

1900 193  I  1903 91 

1901 72  : 

These  figures  are  computed  as  before,  viz,  1  second-foot  flowing  continuously  in  the 
stream  and  used  during  the  irrigating  season. 

On  the  success  with  which  this  leakage  can  be  stopped  depends  very  largely  the  gross  duty 
which  can  be  assigned  to  the  water.  If  this  loss  can  be  economicaUy  brought  down  to  20  or 
25  per  cent  then  it  seems  probable  that  a  duty  of  3  acre-feet  per  acre  may  be  assigned  to  the 
water  entering  the  canal;  on  this  basis  there  will  be,  by  constructing  reservoir  No.  3  and 
rebuilding  the  Avalon  dam,  a  water  supply  sufficient  at  all  times  for  44,000  acres  of  land. 
This  seems  the  maximum  for  which  first-class  water  rights  could  be  assigned  with  certainty. 
It  seems  probable,  however,  that  the  available  water  supply  is  much  greater  and  that  during 
most  years  there  is  sufficient  to  supply  a  larger  acreage. 

DAM  SITES. 

Surveys  for  dams  have  been  made  at  the  old  Avalon  site,  at  a  point  about  2  miles  above 
the  Avalon  site,  and  at  dam  site  No.  3.  Those  at  Avalon  and  No.  3  had  in  view  the  possi- 
bility of  the  construction  of  storage  dams,  while  the  object  of  the  survey  above  the  Avalon 
site  was  to  develop  the  practicability  of  an  overfall  diversion  dam  to  pass  with  safety  the 
floods  to  which  the  river  is  subject,  and  to  turn  the  flow  of  the  stream  into  a  suitable  canal 
to  be  constructed  between  this  point  and  the  head  of  the  present  canal  at  Avalon.  The 
dam-site  surveys  have  been  made  throughout  by  plane-table  methods,  the  horizontal  control 
being  obtained  from  an  accurately  measured  base  line,  platted  on  the  plane-table  sheets, 
from  which  a  system  of  plane-table  triangulation  was  expanded  to  cover  the  area  to  be 
mapped.  The  vertical  control  was  obtained  from  elevations  determined  by  wye  level,  and 
the  filling  in  was  done  by  placing  the  plane-table  rodman  on  points  whose  elevations  differed 
from  that  of  the  desired  contour  by  only  one  or  two  tenths  of  a  foot.  The  scale  of  these 
surveys  was  100  feet  to  1  inch,  and  the  contour  interval  was  varied  to  suit  the  local  con- 
ditions. At  the  Avalon  site  and  at  the  diversion  dam  site  the  interval  chosen  was  2  feet, 
while  at  No.  3  site  the  interval  was  2^  feet  on  the  flat  and  5  feet  on  the  hillsides. 

Numerous  borings  with  wash  and  diamond  drill  have  been  made  at  these  sitee.  These 
have  shown  that  no  satisfactory  bed-rock  conditions  existed  at  the  site  of  the  proposed 
diversion  dam,  and  this  idea  has  therefore  been  abandoned 

The  borings  at  the  Avalon  site  have  shown  conditions  suitable  for  the  construction  of  an 
earthen  storage  dam  with  impervious  core  wall,  which  has  been  the  only  type  thought  suit- 
able for  the  location.  The  restoration  of  this  dam  will  involve  the  placing  of  about  117,000 
cubic  yards  of  material,  the  construction  of  an  impervious  core  waU  for  the  entire  length  of 
the  dam  (about  1,025  feet),  the  deepening  of  the  outlet  canal,  new  head-gates  and  spill  gates 
in  the  canal,  and  probably  some  work  on  the  main  spillways.  Plans  and  estimates  for  the 
necessary  work  are  now  being  prepared.  When  this  dam  is  restored  with  its  crest  at  the 
same  level  as  that  of  the  old  dam,  30  feet  above  the  sill  of  the  head-gates,  the  available  storage 
will  be  5,578  acre-feet. 

At  site  No.  3  the  surveys  have  shown  that  an  earthen  dam  with  a  mRYitmim  height  of  75 
feet  above  water  level  and  with  a  length  on  top  of  2,082  feet  will  be  required  in  order  that  the 
necessary  spillways  be  obtained.  This  dam  would  contain  588,000  cubic  yards  of  material 
and  would  require  11,900  cubic  yards  of  riprap.  Borings  at  this  site  show  the  presence 
of  beds  of  gypsum. 
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Reservoir  surveys  have  been  made  on  a  scale  of  1,000  feet  to  1  inch  and  with  a  contour 
interval  of  5  feet  at  the  Avalon  reservoir  site,  at  site  No.  3,  and  on  Black  River.  The  hori- 
zontal control  for  these  surveys  has  been  obtained  from  a  triangulation  system  expanded 
from  an  accurately  measured  base  line,  the  angles  being  observed  and  the  quadrilaterals 
adjusted  and  computed  in  the  usual  manner.  All  vertical  control  has  been  obtained  from 
lines  of  accurate  levels  run  in  circuits,  bench  marks  being  placed  at  frequent  intervals  for  the 
use  of  the  topographer.  The  surveys  have  shown  that  sites  for  lai^ge  reservoirs  are  not  to  be 
found  within  the  limits  of  the  Carlsbad  project.  The  capacity  of  the  Avalon  reservoir  is,  as 
already  stated,  5,578  acre-feet,  obtained  by  a  dam  45  feet  high  above  low  water,  whOe  the 
capacity  of  the  proposed  No.  3  reservoir,  with  a  dam  75  feet  high  and  2,082  feet  long,  is  only 
65,535  acre-feet. 

The  surveys  of  the  irrigable  lands  under  the  project  now  in  progress  are  being  made  on  a 
scale  of  1,000  feet  to  1  inch  and  with  a  contour  interval  of  5  feet,  the  methods  used  being  the 
same  as  those  used  for  the  reservoir  surveys. 

CANAL  SURVEYS. 

Tlie  azimuth,  as  determined  at  the  reservoir  base-line  station,  was  carried  to  the  initial 
point  of  the  canal  surveys,  i.  e.,  the  sill  of  the  old  head-gates  at  Avalon,  and  from  this  point 
an  azimuth  transit  traverse  was  run  down  the  canals,  the  distances  between  traverse  stations 
being  obtained  by  fore  and  back  readings  on  double-targeted  level  rods,  the  reading  being 
corrected  for  the  focal  length  of  telescope  used.  Azimuth  observations  were  made  at  inter- 
vals and  the  computed  azimuths  were  checked  and,  when  in  error,  corrected.  The  latitudes 
and  departures  of  the  several  traverse  stations  were  computed  and  the  points  platted  on  the 
plane-table  sheets.  The  platted  positions  of  the  points  were  checked  by  the  method  of 
tangents.  The  vertical  control  of  the  work  consisted  of  a  duplicate  line  of  wye  levels,  center 
stakes  being  set  each  100  feet  along  the  canal  and  the  surface  elevation  determined  at  each. 
Temporary  bench  marks  were  left  at  short  intervals,  and  standard  iron  bench-mark  posts 
were  set  at  intervals  of  2  miles.  All  level  circuits  were  required  to  close  within  the  standard 
limits  of  error. 

A  different  procedure  was  adopted  for  the  survey  of  the  lateral  system,  the  only  instru- 
ment used  being  the  transit,  fitted  with  a  good  level  beneath  the  telescope  and  a  magnetic 
needle  of  good  quality.  The  heads  of  all  main  laterals  are  shown  on  the  plane-table  sheets. 
Hie  starting  point  for  each  lateral  survey  was  the  sill  of  the  head-gates  at  the  main  canal, 
an  elevation  being  obtained  from  the  nearest  bench  mark.  A  needle  line,  distances  being 
obtained  by  stadia  and  elevations  carried  by  the  use  of  the  telescope  level,  was  run  down 
each  lateral,  and  its  position,  direction,  and  grade  thus  determined.  This  survey  is  tied  into 
the  land  comers  so  that  the  ditch  can  be  platted  in  its  proper  location.  Cross  sections  were 
also  taken  wherever  needed.  This  gives  data  for  determining  the  capacity  of  the  ditch,  also 
some  information  as  to  its  probable  cost  and  its  present  or  future  utility. 

In  addition  to  the  surveys  of  the  existing  canal  system  surveys  have  also  been  made  to 
detennine  the  possibility  of  a  relocation  at  Gyp  Bend. 

TEST  PITS  AND  BORINGS. 

A  number  of  test  pits  have  been  dug  on  the  site  of  the  Avalon  dam  and  spillway  and  on  the 
lines  at  Gyp  Bend,  to  determine  the  character  of  the  material  to  be  encountered  in  any 
projected  work  at  these  places.  Borings  with  wash  and  diamond  drill  have  been  made  at 
dam  site  No.  3  and  at  Avalon  dam  site,  and  satisfactory  conditions  have  been  found  at 
Avalon. 

Surveys  were  made  at  McMillan  reservoir  to  determine  the  poissibility  and  probable  cost  of 
shutting  off  the  large  leakage  on  the  east  side  of  the  reservoir,  of  furnishing  an  adequate 
spillway  capacity,  and  of  raising  the  water  level  to  the  height  which  it  was  originaUy 
planned  to  raise  it,  viz,  25  feet  on  the  gage,  whose  zero  is  the  sill  of  the  present  head-gates. 
Test  pits  have  been  sunk  here  also  where  considered  necessary. 
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UTILIZATION  OF  LAKE  McMILLAN. 

The  further  utility  of  Lake  McMillan  as  a  reservoir  for  the  storage  of  laif^e  quantities  of 
water  depends  entirely  on  the  practicability  of  stopping  the  large  leaks  around  the  eastern 
shore.  As  matters  stand  at  present  the  available  storage  capacity  is  found  practically 
between  gage  heights  7  and  17  feet,  though  there  is  leakage  at  all  heights.  The  available 
storage  between  gage  heights  7  and  17  feet  is,  according  to  the  values  deduced  by  Mr.  Reed, 
15,900  acre-feet,  the  surface  area  of  the  lake  being  at  the  17-foot  stage  about  3,150  acres. 
This  amount  is  very  small,  and  were  it  not  for  the  probable  lai^  inflow  to  be  expected 
would  be  of  no  value,  since  the  evaporation  would  in  the  course  of  a  year  almost  consume  it. 

Whether  it  will  be  well  to  make  such  betterments  as  will  enable  this  reservoir  to  store 
62,000  acre-feet  of  water  is  entirely  a  conunercial  question  after  the  nature  of  the  better^ 
ments  and  their  probable  cost  have  been  ascertained.  These  betterments  and  repairs  are 
as  follows:  (1)  Stopping  the  leaks  around  the  eastern  side;  (2)  rebuilding  the  destroyed 
portions  of  the  fiU  along  the  southern  shore;  (3)  spillway  repairs  and  reconstruction;  (4) 
new  head-gates.  The  problems  presented  in  2, 3,  and  4  are  simple  of  solution,  but  the  most 
efficient  and  economical  method  of  eliminating  the  leakage  is  problematical. 

Two  methods  of  doing  this  have  been  suggested.  First,  to  fill  in  light  straw,  weeds,  etc., 
at  times  when  the  water  is  flowing  into  the  leaks  and  at  the  same  time  pump  mud  into  them, 
so  as  to  seal  them  if  possible.  Both  the  initial  and  final  success  of  this  method  is  uncertain. 
There  is  no  assurance  that  the  present  leaks  can  be  stopped  in  this  way,  nor  is  it  certain 
that  if  the  present  ones  are  sealed  others  will  not  form  elsewhere  along  the  shore.  Nor  can 
any  cost,  even  the  most  approximate,  be  assigned  to  this  plan.  It  might  be  immediately 
successful  or  the  efforts  of  several  months  might  result  in  total  failure  to  accomplish  the 
desired  results.  Second,  to  build  embankments  that  wUl  cut  off  the  water  from  all  known 
deposits  of  gypsum.  Surveys  were  made  in  June,  1905,  to  determine  the  position  and  vol- 
ume of  the  embankments  necessary  to  accomplish  this  result,  but  the  flood  in  July  opened 
so  many  new  leaks  that  it  would  require  an  embankment  about  5  miles  long  to  cut  them  off 
from  the  reservoir,  with  no  assurance  that  new  leaks  would  not  at  once  develop  at  br  near 
the  inner  toe.  This  plan  was  therefore  abandoned.  Some  use  can  doubtless  be  made  of  this 
reservoir,  but  commercially  it  is  without  value. 

At  the  present  time  Lake  McMillan  spills  at  a  gage  height  of  about  16  feet,  owing  to  the 
destruction  by  former  floods  of  portions  of  the  long  embankment  across  the  southwest  end 
of  the  lake.  In  order  to  raise  the  level  to  25  feet  on  the  gage  it  will  be  necessary  to  rebuild 
the  destroyed  portions  of  this  embankment  and  to  provide  an  adequate  spillway  of  capacity 
sufficient  to  pass  80,000  second-feet  of  water,  which  is  the  maximum  flood  so  far  experienced. 

The  necessary  embankments  will  have  a  total  length  of  2,200  feet  and  contain  a  total  of 
39,781  cubic  yards  of  earth.  These  banks  will  require  riprapping  on  the  water  face,  and  this 
will  take  5,057  square  yards  of  riprap.  The  earth  can  be  put  in  by  scrapers  with  a  haul  of 
less  than  100  feet,  and  the  necessary  riprap  is  already  placed  along  the  toe  of  the  embank- 
ment. 

No  detailed  plans  have  been  made  for  the  spillway,  in  view  of  the  existing  conditions, 
but  sufficient  work  has  been  done  to  enable  an  approximate  estimate  of  the  cost  to  be  made. 
The  undeveloped  plan  contemplated  a  concrete  overfall  spillway  about  800  feet  long,  founded 
on  rock  and  with  a  discharge  channel  of  sufficient  area  and  grade  to  carry  away  the  water, 
which  was  to  be  discharged  into  the  same  arroyo  into  which  the  lake  now  spills  during 
flood  stages.  The  lip  of  the  spillway  was  to  be  at  elevation  25  feet  on  the  reservoir  gage. 
To  secure  the  necessary  channel  it  will  be  necessary  to  excavate  about  96,275  cubic  yards 
of  material. 
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RESERVOIR  SITE  No.  3. 

Reservoir  site  No.  3  includes  portions  of  sees.  9, 10, 11, 15, 16,  21, 22, 23, 26, 27, 28,  33, 
34,  and  35,  T.  20  S.,  R.  26  E.,  of  sees.  1, 2,  and  12,  T.  21  S.,  R.  26  E.,  and  of  sees.  6  and  7, 
T.  21  S.,  R.  26  E.,  and  has  a  total  area  of  4,126.7  acres  at  the  2,355-foot  contour,  correspond- 
ing to  a  raise  in  water  level  of  65  feet.  At  this  elevation  it  will  have  a  storage  capacity  of 
65,535  acre-feet. 

It  is  proposed  to  buUd  an  earthen  dam  across  the  valley,  to  have  a  length  on  top  of  2,082 
feet,  a  crest  width  of  20  feet  at  an  elevatiod  of  10  feet  above  the  maximum  flow  line,  with  a 
downstream  slope  of  2  to  1  and  an  upstream  slope  of  3  to  1,  and  with  a  maximum  height 
of  76.2  feet  above  the  present  river  bottom.    Riprap  will  be  placed  on  the  upstream  face. 

Borings  have  been  made  at  this  dam  site  with  wash  and  diamond  drill  and  carried  to  a 
depth  of  60  feet;  they  failed  to  develop  the  presence  of  bed  rock,  though  rock  stratified  with 
clay  was  disclosed.  The  rock  is  not  of  sufficient  thickness  nor  of  sufficiently  good  quality 
to  permit  the  construction  of  a  masonry  dam  at  this  point. 

There  has  been  no  opportunity  to  make  a  thorough  investigation  in  regard  to  the  occui^ 
rence  of  gypsum  at  this  site.  It  will  probably  be  found  near  the  upper  end,  as  the  general 
trend  of  the  exposures  at  Lake  McMillan  and  to  the  south  would  carry  this  formation  across 
the  stream  below  the  upper  end  of  the  reservoir.^* 

No  points  have  been  found  at  which  the  dip  of  the  strata  could  be  determined,  and  con- 
sequently it  can  not  now  be  stated  whether  or  not  this  reservoir  site  is  feasible.  In  view 
of  the  conditions  existing  at  the  dam  site,  however,  the  scheme  will  have  to  be  abandoned, 
unless  it  is  practicable  to  raise  the  water  level  to  the  full  height  contemplated. 

UTILIZATION  OF  LAKE  AVALON. 

Lake  Avalon  was  the  lower  of  the  two  reservoirs  owned  by  the  Pecos  Irrigation  Company, 
being  located  about  6  miles  north  of  Carlsbad.  It  included  portions  of  sees.  1, 2, 3, 4, 9, 10, 
1 1,  and  12,  T.  21  S.,  R.  26  E.,  and  a  small  portion  of  sec.  7,  T.  21  S.,  R.  26  E.  At  the  ordi- 
nary flow  line  it  submerged  an  area  of  934  acres  and  gave  an  avaUable  storage  of  5,578  acre- 
feet.  These  figures  differ  very  greatly  from  those  published  in  various  places,  the  sub- 
merged area  being  stated  as  1,980  acres  and  the  capacity  as  6,300  acre-feet.  Tlie  figures 
g^en  here  have  been  obtained  from  the  contour  map  of  the  site,  made  during  the  progress 
of  these  investigations;  they  have  been  carefully  checked  and  are  believed  to  be  accurate. 
As  the  lake  has  silted  up  to  a  considerable  extent,  and  as  the  capacity  given  above  is  the 
available  amount  which  could  be  drawn  out  through  the  gates,  the  original  capacity  was 
probably  greater. 

This  reservoir  was  formed  by  a  dam  of  similar  type  to  that  at  Lake  McMillan,  though 
differing  in  dimensions  and  details.  As  constructed  it  was  1,380  feet  long  on  the  crest,  with 
a  maximum  height  of  50  feet.  The  downstream  portion  of  the  dam  was  formed  of  loose  rock 
fill,  with  downstream  slope  of  H  horizontal  to  1  vertical,  and  a  dry-laid  wall  on  the  upstream 
side  with  a  slope  of  }  horizontal  to  1  vertical,  the  crown  width  being  10  feet.  On  the 
upstream  side  was  an  earth  fill  with  a  crest  10  feet  wide  and  a  water  slope  of  3}  horizontal 
to  1  vertical;  this  was  covered  with  riprap  apparently  12  inches  thick.  This  was  the  second 
dam  built  on  the  same  site  and  was  destroyed  by  the  flood  of  October,  1904,  which  broke  the 
dam  and  cut  a  gap  about  450  feet  in  width  through  the  western  portion.  Since  that  time 
there  has  been  no  water  in  the  reservoir. 

The  site  has  three  spillways,  aggregating  about  780  feet  in  length.  Spillway  No.  1  is  on 
the  west  bank  of  the  river,  about  one-half  mile  above  the  dam.  It  has  a  length  of  300  feet 
and  spills  at  elevation  3,178.7,  or  20.7  feet  above  the  sill  of  the  head-gates.  Spillway  No.  2 
is  located  around  the  west  end  of  the  dam,  has  a  length  of  200  feet,  and  spUls  at  elevation 
3,178,  or  20  feet  above  the  sill  of  the  head-gates.  Both  of  these  spillways  are  excavated 
into  the  soft  shelly  limestone  and  compacted  clay  and  discharge  into  a  small  arroyo  which 


o  Recent  Investigations  have  shown  the  presence  ot  beds  of  gypsum  in  this  reservoir  site. 
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leads  the  water  into  the  river  several  hundred  yards  below  the  downstream  toe  of  the  dam. 
Spillway  No.  3  is  located  in  the  intake  canal  just  above  the  site  of  the  head-gates;  it  is  180 
feet  long  and  spills  at  an  elevation  of  3,170  feet,  or  12  feet  above  the  sill  of  the  head-gates. 
This  spillway  was  closed  by  a  row  of  32  gates  swinging  outward,  each  gate  being  4.7  feet 
wide  and  7  feet  high. 

These  spillways  were  ample  to  carry  the  waters  of  the  October  flood,  which  reached, 
according  to  measurements  made  at  Lake  McMillan,  a  maximum  of  80,000  second-feet. 
There  seems  to  have  been  some  leakage  from  this  reservoir  by  percolation  into  the  limestone 
hills  surrounding  it,  and  one  point  was  found'on  the  bottom  having  the  appearance  of  a 
leak.  So  far  as  known,  however,  there  is  no  gypsum  beneath  the  site  and  it  seems  safe 
from  such  leaks  as  have  destroyed  the  value  of  Lake  McMUlan  as  a  storage  reservoir. 

Lake  Avalon  formed  the  distributing  reservoir  for  the  entire  irrigation  system  and  its 
loss  will  have  to  be  made  good  before  water  can  be  again  set  running  into  the  canals.  This 
might  be  accomplished  (1)  by  building  a  canal  upstream  from  the  mouth  of  the  present 
canal  to  some  point  where  a  low  diversion  dam  of  the  overfall  type  can  be  built,  or  (2)  by  a 
combined  storage  and  diversion  dam  utilizing  the  serviceable  portions  of  the  old  dam,  with 
such  changes  and  modifications  in  construction  as  may  prove  necessary  or  desirable.  Sur- 
veys sufficient  to  permit  comparison  between  these  plans  have  been  made. 

A  site  for  an  overfall  dam  was  located  at  a  point  about  2  miles  above  the  present  dam,  but 
borings  with  diamond  drill  have  not  shown  the  presence  of  satisfactory  bed  rock,  llie  neo- 
essaiy  canal  to  carry  the  water  from  this  point  to  the  old  canal  was  located,  and  the  quan- 
tities of  excavation  have  been  computed,  with  the  foUowing  result:  E2arth,  227,964  cubic 
yards;  rock,  49,190  cubic  3rards. 

It  does  not  seem  practicable  to  build  a  diversion  dam  at  or  near  the  site  of  the  old  Avalon 
dam,  on  account  of  the  great  cost  of  the  necessary  spillways.  The  excavation  of  a  spiUwaj 
of  size  sufficient  to  carry  80,000  second-feet  would  require  the  removal  of  about  172,000 
cubic  yards  of  material,  a  considerable  portion  of  which  would  be  classed  as  hardpan  and 
require  blasting  to  loosen,  but  could  then  be  moved  by  scrapers.  As  a  much  smaller  amount 
of  material  would  rebuild  the  old  dam  and  render  available  such  storage  as  is  to  be  had  at 
Lake  Avalon,  the  easiest  and  cheapest  solution  seems  to  be  to  rebufld  the  destroyed  portion, 
strengthen  the  section  if  that  id  considered  necessary,  effectually  cut  off  any  underflow  by 
a  core  wall  beneath  the  dam  to  bed  rock,  and  protect  the  downstream  toe  by  a  concrete  wall 
to  prevent  any  displacement  by  wash  from  the  spillways. 

HONDO  PROJBCT.a 

A  general  description  of  the  Hondo  project  and  a  statement  of  the  operations  up  to  the 
signing  of  the  contracts  for  construction  will  be  found  in  the  Third  Aimual  Report  of  the 
Reclamation  Service. 

The  successful  bidders  wece  the  Taylor-Moore  Construction  Company  and  the  Slinkard 
Construction  Company.    Work  was  begun  in  a  small  way  in  December,  1904. 

Tlie  Slinkard  Construction  Company,  contractors  for  schedule  No.  2,  which  was  princi- 
pally rock  work,  carried  on  operations  with  diligence,  and  completed  their  contract  in  July, 
1905,  within  the  time  limit  specified.  The  work  was  satisfactory  to  the  Government,  but  was 
done  at  a  loss  to  the  construction  company,  owing  to  the  fact  that  the  ccmtract  price  was 
too  low  for  handling  such  material.  The  rock  was  imstratified,  crystallized  limestone 
interspersed  with  bodies  of  conglomerate,  and  required  much  more  powder  than  the  ood- 
tractor  had  anticipated.  It  was  also  apparent  that  there  were  some  mistakes  in  the  methods 
of  handling  this  material.  The  contractor,  instead  of  using  a  face  and  working  back,  keqNDg 
a  clear  opening  on  one  side,  attempted  to  pulverize  the  material  with  powder  and  remove  it 
with  scrapers  and  teams.  Tlie  methods  were  improved  in  the  latter  part  of  the  work, 
and  the  cost  to  the  contractor  was  less  than  at  the  beginning. 

o  From  report  by  W.  M.  Reed. 
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Tlie  Taylor-Moore  Construction  Company,  who  had  been  awarded  schedules  Nos.  1,  3,  4, 
5,  and  6,  began  work  in  January  with  only  a  small  force,  and  being  hampered  by  bad  weather 
did  not  accomplish  much  until  March.  Even  then  their  equipment  was  so  small  that  they 
began  falling  behind  with  the  work.  Tliey  were  notified  to  supply  more  equipment  and  force, 
and  promised  to  do  so,  but  their  increase  was  not  sufficient  to  accomplish  the  work  within 
the  specified  time,  and  they  were  formally  notified  June  1  that  they  must  satisfactorily 
show  within  fifteen  days  ability  to  complete  the  work;  otherwise  the  €k>vemment  would, 
under  the  terms  of  the  contract,  take  possession  of  the  equipment  and  carry  on  the  work  by 
force  account.  The  same  company  had  become  involved  on  other  Government  work.  TTie 
Comptroller  of  the  Treasury  had  refused  to  pay  money  on  estimates  under  a  project  the 
contractors  for  which  were  in  default  on  any  other  Government  work,  and  on  June  7,  being 
without  any  means  of  prosecuting  this  work,  they  turned  it  over  to  the  Government,  in 
accordance  with  the  specifications  of  the  contract.  Since  that  date  the  work  has  been 
carried  on  by  force  account. 

A  board  of  engineers  reconmiended  that  embankments  Nos.  3  and  4  be  readvertised  and 
recontracted  if  the  bids  proved  satisfactory.  On  this  recommendation  the  Secretary 
advertised  for  bids  for  the  completion  of  these  embankments,  to  be  opened  October  17, 1906. 
But  one  bid  was  submitted — that  of  Wood,  Bancroft  &  Doty,  of  Omaha,  Nebr.  Tlie  con- 
tract was  awarded  to  them  for  $36,908. 

Tlie  other  work  is  being  pushed  toward  completion.  Some  delay  has  been  experienced 
on  account  of  the  nonarrival  of  iron  that  had  been  ordered  by  the  Taylor-Moore  Construc- 
tion Company  and  the  order  confirmed  by  the  Government  for  the  purpose  of  saving  time. 

It  is  expected  now  that  the  work  will  be  completed  in  time  to  conserve  the  1906  spring 
floods,  but  owing  to  the  fact  that  these  floods  usually  come  rather  late,  it  is  probable  that 
water  can  not  be  delivered  to  the  lands  for  the  season  of  1906.  It  is  also  expected  that 
the  distributing  system  will  be  constructed  this  winter,  and  will  be  prepared  to  deliver 
the  water  at  the  earliest  possible  date. 

The  expenditures  on  the  Hondo  project  to  September  30,  1905,  were  as  follows: 

ExpeJiditures  on  the  Hondo  project  to  September  30, 1906, 

Diversion  dam  and  embankments: 

E^xcavation,  Taylor-Moore  Construction  Company $13, 939. 88 

Excavation  (abandoned  contract),  force  account 32, 292. 00 

Rock-excavation  work,  Slinkard  Construction  Company 26, 067. 04 

$72,318.92 

Telephone  line,  force  account 1 3, 606. 00 

Buildings,  wells,  etc 2, 445. 00 

Purchase  of  lands 20,000.00 

Preliminary  examination,  final  surveys,  engineering,  inspection,  and  adminis- 
tration       8,256.96 

Total 106,626.88 

RIO  GRAl^DE  PROJECT. 

Tlie  Rio  Grande  project — a  proposition  to  build  a  concrete  dam  across  the  Rio  Grande 
near  Engle,  N.  Mex.,  about  100  miles  above  the  city  of  EI  Paso,  Tex.,  store  the  flood  waters 
of  the  river,  and  construct  a  canal  sjrstem  irrigating  180,000  acres  of  rich  valley  land  below — 
is  fully  described  in  the  Third  Annual  Report,  second  edition,  pages  395  to  426.  A  general 
map  was  published  as  Plate  XLVII  of  the  same  volmne. 

WATER  USERS*  ASSOCIATIONS. 

Since  Uie  publication  of  the  Third  Annual  Report  two  water  users'  associations  have 
been  legally  organized  on  the  Rio  Grande.  They  are  the  Elephant  Butte  Water  Users' 
Association  of  New  Mexico,  with  headquarters  at  Las  Cruces,  and  the  El  Paso  Valley  Water 
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Users'  Association  of  Texas,  with  headquarters  at  El  Paso.  They  have  obtained  subscrip- 
tions from  landowners  for  about  three-fourths  of  the  land  necessary  and  are  rapidly  com- 
pleting their  work. 

DIVERSION  DAM  AND  CANALS. 

During  the  spring  and  early  summer  of  1905  careful  surveys  were  made  for  a  permanent 
diversion  dam  near  Leasburg,  in  Dona  Ana  County,  N.  Mex.,  and  the  main  MesiUa  Valley 
canal  from  that  point  to  the  Texas  line.  These  survejrs  were  begun  by  J.  L.  Rhead  January 
26  and  were  carried  down  the  valley  to  a  point  near  the  Texas  line  by  June  10,  when  they 
were  stopped  by  high  water  in  the  vaUey  due  to  a  destructive  flood.  The  object  of  this 
survey  was  to  get  a  better  diversion  site  than  that  first  proposed  at  Pefiasco  Rock,  and  to 
get  a  better  and  cheaper  line  in  the  valley  for  the  main  Mesilla  Valley  canal  than  the  high- 
level  line  that  was  at  first  located  along  the  bluffs  at  the  foot  of  the  mesa,  on  the  east  side 
of  the  valley.  A  very  satisfactory  line  was  found  in  the  valley,  and  Mr.  Rhead  has  com- 
pleted detailed  contour  maps  in  the  Salt  Lake  office.  He  is  still  at  work  on  plans  for  gate 
structures,  arroyo  crossings,  canal  drops,  etc.,  all  of  which  will  be  ready  for  inspection  by 
a  consulting  board  in  a  short  time. 

The  construction  of  this  diversion  dam  and  about  3  miles  of  canal  as  a  part  of  the  general 
project  would  deliver  water  from  the  river  into  the  present  Mesilla  Valley  canals,  which 
have  no  permanent  heading.  It  is  expected  that  such  construction  will  be  begun  at  an 
early  date,  as  a  first  item,  a^  soon  as  the  water  users'  associations  have  submitted  applica- 
tions from  the  area  of  land  necessary  to  secure  the  return  of  the  cost  for  the  entire  Kio 
Grande  reclamation  project. 

URTON  liAKE  PROJECT. 

The  Urton  Lake  project  is  fully  described  in  the  Third  Annual  Report.  No  work  has  been 
done  during  the  present  year  except  maintaining  gaging  stations  on  Pecos  River  at  Santa 
Rosa  and  Fort  Sumner.  The  information  as  to  water  supply  that  is  being  accumulated 
from  gage  readings  and  discharge  measurements  at  these  stations  will  be  very' useful  when- 
ever it  becomes  apparent  that  funds  will  be  available  for  construction. 

liAS  vec;a8  project. 

The  Third  Annual  Report  gives  detailed  information  concerning  the  proposed  work  at 
Las  Vegas.  So  far  no  work  has  been  done  during  the  present  year,  except  the  hydrographic 
investigations  under  the  direction  of  Mr.  Hinderlider  for  determining  the  available  supply. 

During  the  latter  part  of  October  a  soil  survey  was  made  of  the  irrigable  lands. 

liA  PliATA  VAIiliEY  PROJECT.^ 

The  La  Plata  Valley  project  is  located  along  the  north  side  of  San  Juan  River,  in  San  Juan 
County,  N.  Mex.,  the  greater  part  of  the  land  lying  along  La  Plata  River,  a  tributary  of 
the  San  Juan. 

The  lands  under  the  project  are  situated  in  T.  32  N.,  Rs.  12  and  13  W.,  Tps.  30  and  31  N., 
R.  13  W.,  and  T.  30  N.,  Rs.  14  and  15  W.  The  nearest  city  is  Durango,  Colo.,  35  miles  to  the 
northeast.  The  segregation  of  these  lands  under  the  first  form  of  withdrawal  was  requested 
August  8,  1904.  The  total  amount  of  land  available  for  irrigation  is  40,672  acres.  Two 
plans  have  been  proposed  for  the  reclamation  of  the  lands  in  the  La  Plata  Valley:  (1)  A 
diversion  from  Animas  River  for  the  purpose  of  bringing  water  into  the  La  Plata  Valley, 
and  (2)  development  of  the  storage  reservoirs  for  the  conservation  of  the  entire  run-off. 


b  From  report  by  M.  C.  Hinderlider. 
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ANIMAS  RIVER  DIVERSION. 

Animas  River  rises  in  the  San  Miguel  and  Needle  mountains  in  the  southwestern  part  of 
Colorado.  From  its  headwaters  to  a  point  about  15  miles  above  Durango  it  flows  in  a 
southerly  direction  through  very  rough  and  precipitous  mountains,  the  bed  of  the  river 
being  at  the  bottom  of  a  deep  and  narrow  canyon.  For  this  reason  diversion  from  the 
Animas  in  this  distance  would  be  exceedingly  costly  if  not  impossible.  About  15  miles 
above  Durango  the  narrow  canyon  opens  out  into  a  broad  valley  which  extends  to  Animas 
City,  a  distance  of  approximately  12  miles. 

From  Durango  the  Animas  continues  its  southward  course  through  a  broken  and  rolling 
country  to  a  point  a  few  miles  south  of  the  State  line,  where  it  enters  a  narrow  valley, 
through  which  it  flows  for  a  distance  of  50  miles  and  finally  joins  the  San  Juan  near  Farm- 
ington,  N.  Mex. 

When  the  preliminary  reconnaissance  was  started  it  was  thought  that  it  might  be  pos- 
sible to  divert  water  from  the  Animas  River  at  a  point  near  Cedar  Hill,  N.  Mex.,  which 
is  near  the  State  line,  and  carry  it  around  the  divide  and  into  the  La  Plata  drainage  at  a 
reasonable  cost.  Later  surveys,  however,  showed  that  the  line  must  tap  Animas  River 
in  the  vicinity  of  Durango  in  order  to  cross  the  divide  by  means  of  a  comparatively  short 
tunnel  or  cut.  The  head  of  the  canal  would  be  above  the  only  available  storage  reservoir 
which  is  absolutely  necessary  to  the  project.  If  the  canal  heading  were  placed  sufficiently 
low  on  Animas  River  to  utilize  the  storage  facilities  it  would  be  necessary  to  construct  a 
long  tunnel  to  convey  the  water  into  La  Plata  VaUey. 

At  the  beginning  of  the  present  field  season  the  canal  location  was  continued  until  the 
tunnel  site  between  Animas  and  La  Plata  drainages  was  reached.  A  careful  survey  showed 
that  the  tunnel  would  be  16,000  feet  long  and  would  run  largely  through  soft  sandstone 
and  hard  clay.  During  the  progress  of  this  work  the  topography  of  the  reservoir  site  on 
the  Animas  was  developed  on  a  scale  of  1,000  feet  to  the  inch  with  a  10-foot  contour  intei^ 
vaJ,  and  a  dam  site  on  a  scale  of  100  feet  to  the  inch,  with  a  5-foot  contour  interval.  After 
the  tunnel  line  was  located  the  canal  Une  was  run  to  La  Plata  River.  Throughout  the  por- 
tion of  the  line  from  Animas  River  to  the  east  portal  of  the  main  tunnel,  numerous  arroyoe 
and  drainage  courses  would  have  to  be  crossed,  and  syphons  or  flumes  would  have  to  be  con- 
structed. The  difficulty  of  maintaining  a  large  canal  through  this  country  is  increased 
by  reason  of  the  large  percentage  of  hillside  construction  necessary.  The  character  of  the 
region  makes  the  line  impracticable  and  the  cost  of  construction  is  too  great. 

As  an  alternative  it  has  been  proposed  to  drop  the  greater  portion  of  the  water  upon 
leaving  the  west  portal  of  the  tunnel  directly  into  one  of  the  numerous  natural  water- 
courses which  finally  enter  the  main  arroyo  of  the  McDermott  Glade.  At  a  point  approx- 
imately 11  miles  below  the  tunnel  water  may  be  diverted  from  this  arroyo  and  a  feasible 
line  may  be  run  to  a  distance  of  approximately  6  miles  around  the  west  side  of  the  McDer- 
mott Glade  to  La  Plata  River,  striking  the  latter  1  mile  below  the  Colorado-New  Mexico 
line.  Such  a  line  would  be  sufficiently  low  to  avoid  all  rough  and  expensive  construction, 
but  the  State-line  reservoir  could  not  be  used.  No  survey  or  estimate  of  the  cost  to  detei^ 
mine  the  feasibility  of  such  a  plan  has  been  made,  as  the  field  work  was  terminated  before 
this  could  be  done.  A  very  difficult  feature  connected  with  this  undertaking  would  be 
the  danger  to  the  canal  and  the  controlling  headworks  from  the  heavy  intermittent  floods 
that  occur  in  the  McDermott  Glade. 

The  surveys  show  that  any  plan  to  irrigate  lands  in  La  Plata  Valley  by  diverting 
water  from  the  Animas  drainage  is  impracticable. 

RESERVOIR  SITES. 

A  hasty  preliminary  survey  was  made  of  the  reservoir  site  on  La  Plata  River  about  5 
miles  above  the  town  of  Hesperus,  Colo.  It  was  estimated  that  a  dam  70  feet  high  and 
1^800  feet  long  would  impound  5,100  acre-feet  of  water.  The  great  expense  of  this  site 
rendered  it  impracticable. 
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Another  reservoir  site  wis  surveyed  on  Cherry  Creek,  at  Thompsons  Paik.  It  was 
found  that  a  dam  150  feet  high  and  1,600  feet  long  would  store  10,000  acre-feet;  a  dam 
200  feet  high  and  1,800  feet  long  would  store  22,200  acre-feet.  The  con4itions  at  this  loca- 
tion, however,  are  so  unfavorable  that  the  site  was  abandoned.  About  4  miles  northeast 
of  La  PlaU,  N.  Mex.,  in  sec.  3,  T.  32  N.,  R.  13  W.,  is  a  reservoir  site  that  was  int^ided 
to  impound  water  for  the  irrigation  of  lands  owned  by  the  Revenue  Ranch  and  Water 
Company  in  Colorado  and  New  Mexico.  Tlie  capacity  of  this  reservcnr  with  a  dam  50  feet 
in  hei^t  and  650  feet  in  length  is  1,095  acre-feet. 

At  the  upper  end  of  La  Plata  Valley  is  the  State-line  reservoir  site,  the  largest  on  iht 
river.  At  this  place  the  mesa  along  the  west  side  of  the  stream  and  the  high  sandstone 
cliffs  on  the  east  come  close  together  and  at. the  narrowest  point  there  is  a  fairly  good 
location  for  a  dam.  Practically  the  entire  area  in  this  valley,  700  acres,  is  now  under  cul- 
tivation and  would  have  to  be  condemned  if  the  site  were  used  for  the  reservoir. 

At  the  upper  end  of  the  Meadows,  about  8  miles  northwest  of  La  Plata,  is  a  reservoir 
site  which  is  known  as  "The  Narrows''  reservoir  site.  A  50-foot  dam  would  impound 
12JX0  acre^eet  oi  water. 
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OPERATIONS  IN  NORTH  DAKOTA. 

By  H.  N.  Savage. 
WIIililSTON  DISTRICT  PROJECTS,  a 

The  projects  comprising  the  Williston  district  are  the  Buford-Trenton  project,  the  Wil- 
liston  project,  the  Nesson  project,  and  the  Cherry  Creek  project.     (PI.  XLVII.) 

Detailed  descriptions  of  the  land  under  each  project  will  be  found  in  the  Third  Annual 
Report,  second  edition,  pages  439  to  442. 

This  tract  is  well  supplied  with  transportation  facilities,  as  the  Great  Northern  Railway 
runs  through  the  southern  portion  of  the  area  covered  by  the  Williston  project  and  passes 
along  the  entire  northern  border. of  the  Buford-Trenton  area  and  within  about  16  miles  of 
the  northern  border  of  the  Nesson  area.  The  Missouri  River  will  also  furnish  excellent 
means  (rf  transportation  for  all  these  projects. 

OPERATIONS. 

A  general  reconnaissance  of  the  Stat^  was  made  last  year  by  Mr.  P.  M.  Churchill,  under 
the  direction  of  Mr.  H.  A.  Storrs,  for  the  purpose  of  ascertaining  iT  suitable  areas  existed 
^diich  could  be  readily  irrigated  by  pumping,  using  Missouri  River  as  the  principal  soiux^ 
of  supply  and  the  beds  of  lignite,  which  abound  in  this^country,  for  fuel.  After  some  pre- 
liminary work,  attention  was  concentrated  on  the  Buford-Trenton,  Williston,  and  Nesson 
projects  in  the  western  portion,  and  the  Bismarck  project  in  the  central  portion  of  the 
State.  Preliminary  surveys  and  estimates  having  been  made,  the  State  was  divided,  Mr. 
James  A.  French  taking  chai^  of  the  Bismarck  project  and  Mr.  P.  M.  Churchill  being 
assigned  to  the  Williston  district.  A  central  office  was  established  at  Williston,  in  Feb- 
ruary, 1905,  and  field  work  on  the  projects  constituting  this  district  has  been  pushed  con- 
tinually since.  In  June  Mr.  H.  N.  Savage  was  appointed  supervising  engineer  of  these 
works.  In  the  latter  part  of  September  a  board  of  engineers,  consisting  of  Messrs.  A.  P. 
Davis,  H.  N.  Savage,  O.  H.  Ensign,  and  H.  A.  Storrs  inspected  the  projects  and  recom- 
mended that  the  work  be  pushed  forward  as  rapidly  as  possible. 

COAL  INVESTIGATIONS. 

The  investigation  of  the  coal  in  this  district  has  been  conducted  by  Mr.  H.  R.  Evans, 
and  included  personal  inspection  of  outcrops,  the  digging  of  test  pits,  and  borings  made 
by  a  steam  drilling  outfit  and  two  hand  wash-drilling  outfits.  Borings  were  made  in  the  hills 
about  2  miles  north  of  the  railroad  at  Buford,  and  at  points  about  4  miles  east,  north,  and 
west  of  Williston.  These  have  been  supplemented  by  test  pits.  At  Nesson  also  test  pits 
were  sunk.  The  result  of  this  work  indicates  that  there  are  two  main  veins  of  coal — the 
upper  one  vaiying  from  8  to  11  feet  in  thickness  and  the  lower  one  averaging  about  7  feet, 
which  extend  from  Nesson  to  a  point  2  or  3  miles  west  of  Williston.  Here  these  veins  seem 
to  be  mixed  with  strata  of  clay  and  other  material;  farther  west  all  the  veins  above  the  level 
of  low  water  in  Missouri  River  become  more  broken  and  at  Trenton  have  divided  into 
numerous  thin  veins,  the  thickest  of  which  is  4  feet,  diminishing  toward  Buford  to  3}  feet. 
This  vein  also  seems  to  pinch  out  on  the  south  side  of  Missouri  River  toward  the  south- 
west. Lignite  in  workable  veins  does  not,  therefore,  appear  to  exist  on  the  Buford-Trenton 
project,  but  thick  deposits  of  this  coal  have  been  found  in  the  bluffs  from  2  to  4  miles  east 

«  From  report  by  Peicival  M.  Churchill. 
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of  Williston  and  about  3  miles  north  of  the  proposed  pumping  site  at  Nesson.  At  Neason 
a  still  lower  vein  of  6  feet  has  been  found.  The  coal  at  Williston  and  Nesson  is  of  exceed- 
ingly fine  quality  and  lies  at  an  elevation  such  that  mines  can  be  readily  drifted  in  from 
the  face  of  the  bluffs  and  the  coal  carried  by  gravity  to  the  power  sites  at  both  places.  It 
is  probable  that  power  for  the  Buford-Trenton  project  will  be  generated  at  the  Williston 
plant  and  electrically  transmitted  to  the  pumps  at  Buford. 

In  the  faU  of  1904  a  carload  of  coal  from  one  of  these  Williston  veins  was  tested  at  the 
St.  Louis  Exposition.  The  results  of  this  test  may  be  found  upon  pages  20,  104-106,  and 
162  of  Bulletin  United  States  Geological  Survey  No.  261  (Preliminary  report  on  operations 
of  coal-testing  plant  at  St.  Louis) .  One  carload  of  this  coal  was  sent  to  St.  Louis  in  August, 
1905,  for  the  purpose  of  making  complete  boiler  and  chemical  tests  and  determining  its 
eflBciency.  About  40  tons  were  also  sent  to  Denver,  Colo.,  at  the  same  time,  and  will  be 
tested  in  certain  commercial  plants  that  are  now  fitted  especially  for  burning  lignite  coal. 
It  is  expected  that  the  result  will  show  very  high  efficiency.  Ample  suppfies  exist  within 
a  short  distance  of  Missouri  River,  on  Government  land,  at  both  Williston  and  Nesson. 
This  land  has  been  withdrawn  from  aU  forms  of  entry,  and  enough  of  U  will  be  retained 
by  the  Gk>vemment  to  insure  one  or  two  hundred  years'  supply. 

WATER  SUPPLY. 

The  water  supply  for  irrigating  the  lands  under  these  projects  will  be  taken  from  Mis- 
souri River  by  means  of  centrifugal  pumps  lifting  to  elevations  varying  from  25  feet  to  1^ 
feet,  although  the  laiger  part  of  the  land  wUl  be  covered  with  lifts  varying  from  25  to  85 
feet.  The  minimum  discharge  of  the  Missouri,  ba^ed  on  measurements  in  1905,  is  about 
7,000  second-feet,  and  the  maximum  disdiarge  is  about  70,000  second-feet.  The  water 
is  of  very  good  quality,  and  can  probably  be  used  for  the  boiler  supply  at  power  plants  with 
very  little  treatment  except  the  removal  of  silt.  No  diflSculty  is  anticipated  from  the  appli- 
cation of  this  water  to  the  irrigable  lands,  as  the  silt  is  probably  not  sufficient  in  amount 
to  be  of  very  great  importance.  The  few  measurements  taken  this  year  indicate  that 
ordinarily  about  0.6  per  cent  (by  volume)  is  carried,  and  that  the  maximum  amount  which 
may  be  expected  is  from  1  to  1}  per  cent,  this  lasting  only  a  few  days  at  a  time  after  severe 
storms. 

IRRIGABLE  LANDS. 

These  lands  are  largely  bench  lands,  and  the  soil  ranges  from  a  sandy  gumbo  on  the  lower 
benches  to  a  sandy  loam  on  the  upper  benches.  Very  little  alkali  seems  to  be  present,  and 
that  only  in  a  few  spots.  In  all  the  projects  the  land  lies  exceedingly  well  for  natural 
drainage.  On  the  low  benches  near  the  river  there  is  considerable  brush  and  some  timber, 
and  it  may  be  advisable  to  exclude  some  of  this  land  from  the  projects.  On  the  upper 
benches,  and  up  Little  Muddy  Creek  VaUey,  the  land  has  no  timber  or  brush,  and  except 
where  it  is  being  farmed  is  heavily  grassed  over,  so  that  no  clearing  will  be  necessary,  and 
the  farmers  could  probably  pay  their  first  assessment  by  simply  flooding  the  native  grass 
already  on  the  land  and  selling  the  hay. 

Until  within  the  last  three  or  four  years  this  part  of  the  country  has  been  considered  fit 
only  for  grazing,  and  there  were  very  few  settlers.  It  is  now  occupied  to  such  an  extent 
that  only  an  exceedingly  small  percentage  of  Government  land  remains,  though  few  settlers 
have  proved  up  on  their  claims.  As  most  of  them  came  from  the  more  humid  parts  of  the 
country  they  did  not  at  first  see  the  advantage  of  irrigation.  As  soon,  however,  as  they 
investigated  the  projects  presented  to  them  they  decided  that  they  wished  Government 
work  to  proceed.  The  details  of  their  action  will  be  presented  under  the  heading  of  each 
project. 

The  average  yearly  rainfall  in  this  district  varies  from  13  to  16  inches,  and  though  a  few 
farmers  have  been  able  to  succeed  fairly  well  with  this  rainf aU,  by  using  dry-larming  methods, 
most  of  the  crops  are  failures  from  lack  of  moisture. 
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BUFORD-TRENTON   PROJECT. 

GENERAL  DESCRIPTION. 

The  area  covered  by  the  Buford-Trenton  project  has  been  described  in  the  Second  Annual 
Report,  page  406,  and  in  the  Third  Annual  Report,  page  427.  It  comprises  about  27,000 
acres,  extending  eastward  from  the  Montanar-North  Dakota  State  line  about  14  miles,  and 
northward  from  Missouri  River  from  2  to  4  miles.  It  is  usuaUy  divided  into  the  Buford  flat, 
which  includes  the  first  9  miles  from  the  State  line,  and  covers  about  22,000  acres,  and  the 
Trenton  flat,  lying  east  of  this,  and  covering  about  5,000  acres.  Each  of  these  flats  has  a  low 
bench,  which  will  be  reached  by  a  25-foot  lift,  and  a  higher  bench  to  the  north.  The  Great 
Northern  Railway  runs  along  the  northern  part  of  both  flats,  and  several  small  creeks  run  on 
to  them  from  the  hills  above. 

OPERATIONS. 

In  ^ptember,  1904,  a  reconnaissance  was  made  and  sufficient  instrument  work  performed 
to  determine  approximately  the  area  and  elevation  of  this  country,  and  a  preliminary  esti- 
mate was  made  during  the  following  winter.  Topographic  surveys  were  commenced  in 
February,  1905,  on  a  scale  of  1,000  feet  to  the  inch,  with  5-foot  contours,  and  the  survey  for 
the  entire  Buford  project  was  completed  about  the  middle  of  July.  The  run-oflf  of  the  creeks 
discharging  on  to  this  flat,  and  also  of  Missouri  River,  was  measured,  and  various  other  data 
collected.  Detailed  topographic  surveys  were  made  on  a  scale  of  100  feet  to  the  inch,  with 
2-foot  contours,  covering  the  probable  location  of  the  pumping-plant  intake  and  pressure 
pipes  and  certain  portions  along  the  low-line  canal. 

OUTLINE  OP  PROJECT. 

The  water  supply  will  be  pumped  from  Missouri  River  at  a  point  about  a  mile  east  of  the 
Montana-North  Dakota  State  line  and  dehvered  into  three  canals  at  approximately  the 
25,  70,  and  110  foot  lifts.  It  is  probable  that  the  Trenton  flat  will  have  a  separate  pumping 
plant,  located  somewhere  near  the  southernmost  point  of  the  flat,  to  lift  the  water  about  20 
feet  to  the  ridge  which  runs  through  this  part  of  the  project.  Power  for  these  two  stations 
will  probably  be  furnished  from  the  Williston  power  plant.  The  areas  under  each  lift  are 
shown  by  the  accompanying  table. 

WATER  users'  ASSOCIATION. 

On  February  26, 1905,  a  preliminary  oiganization  was  formed  at  Buford.  The  organiza- 
tion was  incorporated  April  17,  and  has  since  then  subscribed  the  larger  part  of  the  irrigable 
land  under  this  project.  The  table  shows  the  percentage  of  the  total  project  subscribed  and 
the  percentage  of  Government  land  under  each  ditch .  The  board  of  engineers  recommended 
the  setting  aside  of  part  of  the  money  to  build  this  project  November  2,  1904,  and  of  an 
additional  amount  sufficient  to  complete  it  September  25, 1905. 

WILLISTON   PROJECT. 

GENERAL  DESCRIPTION. 

The  Williston  project  heads  at  Williston,  on  the  north  side  of  the  Missouri,  and  covers  the 
river  benches,  which  extend  4  or  5  miles  to  the  east  and  west,  and  about  20  miles  of  Little 
Muddy  Creek  VaUey,  which  extends  due  north  from  Wilhston  and  is  approximately  3  miles 
wide.  The  project  embraces  about  40,000  acres,  but  is  capable  of  extension  to  flats  on  the 
other  side  of  the  river,  making  a  total  of  approximately  70,000  acres. 

OPERATIONS. 

Topographic  surveys  were  commenced  in  February,  1905,  and  finished  about  the  middle 
of  October.    About  40,000  acres  were  plotted  on  a  1,000-foot  scale,  with  5-foot  contours. 
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and  five  possible  sites  of  pumping  plants  on  a  100-foot  scale,  with  2-foot  contours;  the  run- 
off of  the  yarious  creeks  in  the  vicinity  and  of  Missouri  River  was  studied  and  silt  measure- 
ments and  various  other  data  were  obtainisd. 

OCTLINB  OF  FBOJBCr. 

It  is  proposed  to  pump  the  entire  supply  from  some  point  on  the  banks  of  the  Missouri,  and 
to  deliver  the  water  into  three  canals,  with  lifts  ranging  between  35  and  120  feet,  pumping 
into  a  low-line  canal  running  about  4  miles  north  of  Williston,  lifting  here  to  the  high-line 
canal  on  the  west  side  of  Little  Muddy  Creek,  and  then  crossing  the  creek  and  lifting  to  tWo 
high-line  canals  on  the  east  side.  All  these  pumping  plants  will  be  supplied  with  power 
from  one  central  plant,  which  will  be  located  with  reference  to  the  coal  and  water  supplies. 

WATER  USKRS'   ASSOCIATION. 

A  water  users'  association  was  incorporated  at  T^illiston  May  22.  This  associati^  was 
requested  to  obtain  signers  to  an  informal  petition  requesting  the  Secretary  of  the  Interior 
to  cany  investigations  on  this  project  to  a  point  where  an  estimate  of  cost  could  be  made. 
The  board  of  engineers  which  was  convened  here  in  September  recommended  setting  aside 
money  for  the  construction  of  this  project  and  the  people  have  been  requested  to  complete 
their  organization  and  obtain  signatures  preparatory  to  executing  the  necessary  contract 
with  the  Secretary  of  the  Interior,  in  order  to  enable  construction  to  commence  next  spring. 

NBSSON  PROJECT. 

GENERAL  DESCRIPTION. 

The  area  covered  by  the  Nesson  project  consists  of  bench  land  situated  about  30  miles 
east  of  Williston,  the  laiger  part  being  on  the  north  side  of  Missouri  River.  Hiis  major 
part  is  in  two  benches,  both  of  which  are  fairly  smooth  and  have  good  drainage  toward 
the  river.  A  few  creeks  run  onto  or  through  this  territory.  The  lower  bench  covers 
about  6,500  acres  and  the  upper  bench  about  14,000;  the  bench  on  the  south  side  of  the 
river  covers  about  4,000  acres.  On  the  lower  benches,  on  both  sides,  there  is  some  brush 
and  timber  land  which  may  possibly  be  excluded  from  the  project.  Tlie  rest  is  fine  grass 
land,  except  where  cultivated. 

OPERATIONS. 

A  reconnaissance  and  preliminary  survey  was  made  in  October,  1904,  and  a  preliim- 
nary  estimate  of  cost  worked  up  during  the  winter.  In  March,  1905,  topographic  surveys 
were  commenced.  About  25,000  acres  have  been  mapped  on  the  scale  of  1,000  feet  to  the 
inch,  with  5-foot  contours.    The  creeks  have  been  gaged  and  many  other  data  obtained. 

OUTLINE  OF  PROJECT. 

As  in  the  other  projects,  it  was  contemplated  to  use  the  run-off  of  the  various  creeks 
adjacent  to  the  land,  but  that  idea  has  been  abandoned,  owing  to  the  small  amount  of 
water  which  can  be  obtained  from  this  source,  and  the  supply  will  be  pumped  from  Wb- 
souri  River.  The  main  pumping  and  power  plant  will  be  located  on  the  western  edge  of 
the  area  and  water  delivered  from  here  to  the  low-Une  canal,  and  probably  to  the  two 
high-line  canals.  About  5  miles  east  of  this  point  another  pumping  plant  wiU  be  erected 
to  lift  water  to  two  intermediate  canals.  The  proposed  lifts  are  approximately  30,  60, 
80,  105,  and  137  feet.  Coal  for  this  project  is  found  in  8  to  11  foot  veins,  on  Govern- 
ment land  about  3  miles  northwest  of  the  power  plant.  For  the  land  south  of  the  river 
a  pumping  plant  will  be  erected  and  power  electrically  transmitted  to  it  from  the  main 
plant.    The  lift  here  will  be  34  feet. 
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WATER   USERS'^  ASSOCIATION. 

Several  meetings  were  held  by  the  water  users  under  this  project  during  the  spring  and 
early  summer  of  1905.  A  temporary  organization  has  been  formed,  but  is  not  yet  incor- 
porated. The  board  of  engineers  which  convened  in  September,  1905,  recommended  set- 
ting aside  the  money  necessary  for  the  construction  of  this  project,  and  the  water  users' 
association  will  now  be  oi^ganized. 

CHERRY  CREEK  PROJECT. 

A  reconnaissance  was  made  in  October,  1905,  by  Mr.  A.  L.  Fellows,  State  engineer,  who 
reported  that  there  was  an  ample  supply  of  good  irrigable  land,  but  no  sources  of  water 
supply,  except  BUssouri  and  Little  Missouri  rivers,  the  latter  being  very  uncertain  and 
unsatisfactory,  and  that  the  lift  from  each  would  be  about  200  feet. 


Statistics  of  WiUiston  district 

projects 

Canals. 

Lands. 

Elevation  at 
pomps,  1905. 

Mini- 
mum 

Area. 

Name. 

Ele- 
vation 
at 

bot- 
tom. 

Lift. 

I/ength. 

An,a 
cov- 
ered. 

Sub- 
scribed. 

Owned 

^^ 
Qov- 

em- 

ment. 

Low 
water. 

High 
water. 

dis- 
charae 
of  Mis- 
souri 
River. 

Low  line 

Middle  line.... 
High  line 

Low  line 

Main  low 

Westhl^.... 
East  middle . . 

Easthic^ 

West  low 

East  low.   ... 

Low  line 

62-foot  lift.... 
sa-footllft.... 
105-foot  lift... 
High  line 

South 

Feet. 
1,888 
1,030 
1,075 

Feet. 
25 
67 
112 

Mae8. 
10.5 
14.2 
17.0 

Acre». 

13,000 
6,700 
2,100 

Perct. 
62.3 
83.5 
81.0 

Perct. 
18.5 
6.0 

Feet. 

Feet. 

Sec.'fl. 

Boloid 

' 

9.5 

021,800 

70.4 

13.7 

1,863 

1,872 

b  8,000 

: 

Trenton 

1,865 

20 

4.5 

5,240 

65.0 

14.8 

1,845 

1,854 

10,000 

1,865 
1,050 
1,908 
1,055 
1,865 
1,866 

30 
175 

73 
120 

30 

30 

8.0 
45.0 
13.0 
21.0 
6.0 
&0 

1,600 
16,800 
6,000 
5,500 
3,800 
4,900 

a8 

14.9 
&7 

27.0 
2.1 

lao 

1 

1 

Williiton. 

1 

1             ' 

i             1 

1             1 

38,600 ; 

13w3 

1,835 

1,844 

10,000 

: 

NesMm: 

1,825 
1,860 
1,880 
1,907 
1,930 

±2? 
62 
82 
105 
137 

15.5 
10.75 

9.5 
17.3 

6.5 

6,500 
3,000 
3,300 
5,600 
2,100 



3wl 
23.0 
27.0 

ao 

0.0 

! 

1 

North  side. 

1 

20,400 

9.8 

1,798 

1,807 

10.000 

( 1 

Sooth  side . 

1,834 

34 

8.0 

4,100    

40.0 

1 

1 

a  Of  this,  Indian  allotments  cover  720  acres  (3.3  per  cent). 
*  Above  Yellowstone. 


BISMARCK  PROJECT.a 

The  district  to  be  irrigated  under  the  Bismarck  project  (PI.  XLVm)  is  in  T.  138  N.,  R. 
80  W.,  near  Bismarck.  The  Northern  Pacific  Railway  bridge  crosses  Missouri  River  2} 
miles  west  of  the  city.    Here  an  extensive  amount  of  work  has  been  done  in  the  past 
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a  From  report  by  James  A.  French. 
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twenty  years  by  the  United  States  engineers  and  the  railway  company  in  building  jet- 
ties and  riprapping  along  the  river  banks  to  confine  the  river  channel  to  one  locality 
Below  the  bridge  for  several  miles  the  current  of  the  river  is  toward  the  east  bank.  The 
riprapping  extends  along  this  bank  from  the  bridge  to  a  point  a  thousand  feet  down- 
stream, below  the  site  selected  by  the  Reclamation  Service  for  the  pumping  station.  The 
protection  of  the  river  banks  makes  this  location  an  ideal  one  for  a  pumping  plant ;  more- 
over, it  is  close  to  the  tract  that  will  be  irrigated. 

The  hills  recede  inmiediately  east  from  this  site,  leaving  a  level  bench  of  bottom  land 
which  contains  approximately  7,000  acres,  about  half  of  it  adjacent  to  the  river  being 
heavily  timbered.  This  timbered  area  protects  the  open  meadow  from  erosion  by  the 
river  floods.  Its  general  elevation  is  approximately  25  feet  above  extreme  low  water  in 
the  river.  Adjoining  this  is  a  second  bench,  known  as  the  Fort  Lincoln  or  Poet  bench, 
which  contains  approximately  3,500  acres  and  lies  at  an  elevation  25  feet  higher.  To  Uie 
north  and  west,  25  feet  higher  stiU,  is  a  third  bench,  known  as  the  Penitentiary  bench, 
containing  approximately  3,500  acres.  The  second  and  third  benches  drain  eastward  into 
Apple  Creek,  which  in  turn  passes  south  of  the  second  bench  and  through  the  lower  end 
of  the  first  bench  into  Missouri  River. 

The  lower  bench,  with  the  exception  of  a  small  area  in  wheat,  is  given  over  entirely  to 
the  native  hay  crop.  This  bench  is  flooded  every  few  years,  owing  to  ice  gorges  in  the 
river  during  the  spring  break  up.  It  is  not  inhabited,  presumably  on  account  of  the  loss 
to  property  that  would  result  from  these  floods.  Otio  flood  is  sufficient  to  produce  a  good 
hay  crop  for  the  following  two  years.  The  soil  is  heavy  and  underlain  by  sand  and  gravel; 
in  a  few  places  along  the  upper  edges  of  the  bottom,  where  cultivated,  it  is  very  productive. 

The  second  and  third  benches  are  typical  of  the  North  Dakota  prairie,  both  as  to  soil 
and  formation.  They  are  free  from  the  glacial  bowlders  so  conmion  in  this  part  of  the 
country.  The  top  soil  is  a  heavy  loam  and  very  productive  whenever  the  rainfall  is  suffi- 
cient. Probably  one-half  of  this  area  is  under  cultivation — mostly  in  wheat.  The  dis- 
tribution of  water  over  these  benches,  while  difficult,  owing  to  their  rolling  nature  and 
isolated  knolls,  should  not  be  expensive. 

Surveys  were  begun  in  August,  1904.  A  line  of  levels  was  carried  to  the  east,  toward 
McEenzie,  on  the  Northern  Pacific  Railway,  and  through  McKenzie  Slough  to  Long  Lake, 
with  the  object  of  studying  the  possibility  of  using  Long  Lake  as  a  distributing  reservoir  for 
lands  lying  south  and  east  of  Dawson  and  Steele. 

After  the  close  of  the  field  season  a  board  of  engineers,  consisting  of  Messrs.  Fitch,  Storrs, 
and  Churchill  and  the  chief  engineer  examined  the  plans  and  recommended  that  the  project 
be  undertaken.  On  November  18, 1904,  the  Secretary  of  the  Interior  set  aside  tentatively 
the  sum  of  1250,000  for  thb  project. 

Land  was  withdrawn  from  entry  under  the  first  form  of  withdrawal  by  the  Secretary  on 
Januaiy  20, 1905,  approximating  1,543,680  acres,  all  of  which  except  about  90,000  acres  has 
since  been  returned  to  entry,  the  larger  part  of  this  latter  area  being  in  private  ownership. 
These  lands  were  withdrawn  at  a  time  when  information  as  to  the  probable  extent  of  the 
project  was  lacking,  and  also  for  the  purpose  of  making  investigations  during  the  next  field 
season  of  the  location  and  extent  of  lignite  deposits  which  might  furnish  the  fuel  supply  for 
the  pumping  plants. 

In  May,  1905  the  reconnaissance  of  Ihe  Little  Heart  and  Fort  Lincoln  areas  was  taken  up, 
and  a  plane-table  survey  made  on  a  scale  of  2,000  feet  to  the  inch,  with  10-foot  contours. 
Approximately  50  square  miles  were  covered  in  this  vicinity  during  May  and  June.  The 
results  showed  that  about  25,000  acres  of  land  in  the  Little  Heart  district  laid  well  for  the 
distribution  of  water  under  a  200-foot  Hft  from  low  water  in  Missouri  River.  The  Missouri 
after  leaving  the  Bismarck  flats  flows  westerly  and  against  the  hills  at  Fort  Lincoln  (now 
abandoned),  where  there  is  a  fair  location  for  a  pumping  station.  A  lift  of  80  feet  from 
low  water  here  will  cover  5,000  acres  of  land,  one-half  of  which  is  timbered  bottoms,  the 
remainder  corresponding  to  the  second  bench  near  Bismarck. 
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While  these  surveys  were  being  carried  on  in  the  vicinity  of  Fort  Lincohi,  detached  parties 
were  at  convenient  times  working  on  Apple  Creek  to  determine  the  possibility  of  using  it  as  a 
reservoir  to  relieve  the  pumping  plant  at  Bismarck.  From  a  study  of  these  surveys  it 
appears  that  it  is  impracticable  to  use  the  waters  of  Apple  Creek  in  conjunction  with  the 
pumping  project.  Gaging  stations  were  maintained  on  the  creek  and  the  spring  run-off  and 
rainfall  were  observed  and  measured.  There  was  practically  no  run-off  from  the  melting 
snows  this  season,  though  they  generaUy  send  down  the  creek  a  large  amount  of  water. 
During  May  and  June  there  was  considerable  rainfall,  but  it  had  little  effect  on  the  di»- 
chai^e  of  the  creek.  The  total  discharge  from  February  28,  to  July  30,  was  approximately 
7,300  acre-feet. 

A  detailed  survey  of  the  Bismarck  project  was  begun  July  1,  on  a  scale  of  400  feet  to  1  inch, 
with  5-foot  contours.  Twenty  square  miles  of  topography  was  completed  by  August  15, 
covering  the  lower,  middle,  and  upper  benches  of  the  Bismarck  project.  The  accompanying 
map  (PI.  XLVIII)  shows  the  probable  limits  of  the  area  available — something  lees  than 
9,000  acres.  A  map  of  the  pumping  site  on  a  50-foot  scale,  with  2-foot  contours,  was  also 
made  during  this  period. 

MOUSE  RIVER  PROJECTT. 

A  reconnaissance  on  Mouse  River  has  shown  a  large  area  of  irrigable  lands.  To  get  water 
on  these  lands  will  require  a  dam  across  the  river  and  a  canal  large  enough  to  divert  the  flood 
water.  The  f aU  of  the  river  is  very  small — about  1  foot  to  the  mile — and  without  a  dam  the 
lands  can  not  be  reached.  Mouse  River  rises  in  Canada  and  returns  to  that  country  after 
flowing  about  180  miles  through  North  Dakota.  The  flow  is  very  small  except  at  times  of 
flood  during  April  and  May.  The  average  annual  run-off  is  about  240,000  acre-feet.  A 
rough  estimate  has  been  made  on  the  basis  of  an  earth  dam  about  45  feet  high  and  3,000  feet 
long,  with  a  masonry  core  wall.  A  flood-water  canal  32  miles  long,  carrying  1,850  second- 
feet,  would  bring  the  water  to  a  point  where  storage  could  be  had.  The  irrigable  lands  have 
not  been  surveyed,  but  it  is  thou^t  there  may  be  100,000  acres. 
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By  B.  M.  Hall. 

SOUTHWESTERIS^  SECTIOlS^.a 

A  very  complete  reconnaissance  has  been  made  of  the  streams  in  Custer,  Roger  Mills, 
Washita,  Greer,  Kiowa,  and  Comanche  counties.  The  reservoir  sites  formerly  surveyed  on 
North  Fork  of  Red  River  at  Lugert  and  on  Otter  Creek  near  Mountain  Park  (described  in 
the  Second  and  Third  Annual  Reports)  were  examined  and  preliminary  canal  surveys  were 
run  from  them  to  determine  the  feasibility  of  using  each  as  a  separate  system  instead  of 
combining  them  into  one  system  as  was  formerly  suggested. 

NAVAJO  RESERVOIR  SITE. 


In  the  course  of  the  above  surveys  a  reservoir  site  was  found  which  commands  a  laiger 
water  supply  and  affords  more  storage  than  any  other  site  discovered.  This  is  known  as 
the  Navajo  reservoir  site,  and  is  on  North  Fork  of  Red  River  in  Greer  and  Kiowa  counties, 
opposite  Navajo  Mountain,  10  miles  west  of  Mountain  Park  and  4  miles  north  of  Headridc. 
Preliminary  surveys  were  made  to  determine  approximately  the  dimensions  of  the  dam  and 
capacity  of  the  reservoir.  The  results  being  satisfactory,  accurate  plane-table  surveys  were 
made  of  the  dam  site  and  reservoir  site,  also  surveys  for  locating  canals  and  laterals  and 
estimating  their  cost. 

This  site  would  have  the  natural  drainage  from  5,470  square  miles  in  Oklahoma  and  Texas. 
Surveys  from  Salt  Fork  of  Red  River  show  that  it  can  be  diverted  at  a  point  2  miles  above 
Mangum  and  brought  into  the  Navajo  reservoir  with  15  miles  of  canal.  Such  a  flood-water 
canal  would  be  expensive,  but  it  would  give  an  additional  drainage  area  of  1,224  square  miles. 
Investigations  near  Elk  City  showed  that  it  was  impracticable  to  divert  upper  Washita 
River  into  the  Navajo  drainage  basin.  A  plane-table  survey  of  this  reservoir  was  made 
on  a  scale  of  2,000  feet  to  the  inch,  with  5-foot  contours,  and  from  this  the  capacity  of  the 
reservoir  was  computed.  The  elevation  of  the  river  at  the  dam  site  is  1,345  feet.  There 
is  a  wide  gap  in  the  divide  6  miles  northwest  of  the  dam  site,  in  sees.  15  and  22,  T.  3  N., 
R.  19  W.,  at  an  elevation  of  1,408  feet.  In  order  to  bring  the  storage  level  of  the  reaervoir 
to  the  1,405-foot  contour,  or  60  feet  above  the  river  at  the  dam  site,  an  embankment  7,500 
feet  long  and  9  feet  in  maximum  height  will  have  to  be  built;  if  the  storage  level  is  raised 
to  65  feet  above  the  river  at  the  dam  site,  or  up  to  contour  1,410,  the  l^igth  of  this  embank- 
ment will  be  9,500  feet  and  its  maximum  height  14  feet. 

a  From  rei>ort  by  James  O.  Gamp. 
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Capacity  of  Navajo  reservoir ,  on  North  Fork  of  Red  River. 


Contour. 
Feet. 

Area. 

Capacity 
of  section. 

Total 
capacity. 

Acre9. 

A  cre-feet. 

A cre-feet. 

1,350 

100 

250 

250 

1,355 

280 

970 

1,220 

1,360 

771 

2,650 

3,870 

1,365 

1,560 

5,830 

9,700 

1,370 

2,245 

9,515 

19,216 

1,375 

2,990 

13,090 

32,305 

1,380 

3,937 

17,320 

49,625 

l,m 

4,838 

21,940 

71,565 

1,300 

5,998 

27,090 

98,655 

1,305 

7,151 

32,870 

131,525 

1,400 

8,517 

39,170 

170,695 

1,405 

10,447 

47,410 

218,105 

1,410 

12,093 

56,350 

274,455    ' 

1,415 

13,660 

64,380 

338,835 

The  Mavajo  dam  site  is  at  a  point  known  locally  as  Little  Coulter  Mountain.  From 
the  north  a  granite  ridge  projects  to  the  water's  edge;  on  the  south  side  at  the  edge  of  the 
stream  is  a  granite  butte  110  feet  higher  than  the  river  bed.  It  is  460  feet  across  the  river 
from  rock  to  rock.  Back  of  the  butte  is  a  gap  where  the  sandy  soil  of  the  hillside  meets 
the  rock.  This  would  need  an  embankment  34  feet  high  in  the  highest  point,  and  1,500 
feet  long  on  top.  The  latest  diamond-drill  borings  indicate  that  granite  bed  rock  in  the 
river  is  at  a  greater  depth  than  had  been  expected.  A  masonry  dam,  extending  from  the 
butte  on  the  south  to  the  ridge  on  the  north  and  along  its  crest,  would  be  460  feet  long 
at  river  bed,  75  feet  high  above  river  bed,  and  2,200  feet  long  on  top.  The  ridge,  being 
solid  granite,  would  make  an  excellent  spillway.  Of  the  2,200  feet  of  length,  1,200  feet 
would  be  the  masonry  dam,  and  1,000  feet  along  the  ridge  would  be  a  spillway  at  60  feet 
above  the  river  bed  and  15  feet  below  the  crest  of  the  dam. 

A  broad,  low  gap  at  the  1,408-foot  contour  on  the  west  side  limits  the  height  of  water 
level.  An  embankment  7,500  feet  long  will  be  necessary  to  bring  this  gap  to  elevation 
1,417.  the  level  of  the  dam  crest.  An  additional  5  feet  would  increase  the  length  to  9,500 
feet. 

DlVEKfilON  DIT0HB8. 

As  there  is  fine  land  on  both  sides  of  the  river  below  the  Navajo  reservoir  at  about  equal 
distances,  a  ditch  line  was  run  on  both  sides.  The  Greer  County  ditch  follows  along  the 
river  bank  1  mile  and  then  cuts  through  the  sand  hills  a  distance  of  1}  miles,  across  the 
horseshoe  bend.  These  sand  hills  are  a  choppy  mixture  of  ridges,  draws,  and  basins,  but 
a  comparatively  cheap  line  was  found  through.  Water  standing  in  the  basins  proves 
that  the  material  will  hold  water.  Probably  3  to  1  slopes  on  banks  will  be  necessary  in 
this  portion  to  prevent  sandy  banks  sliding.  From  this  point  the  line  follows  the  river 
bottom  on  easy  slopes  to  east  of  Headrick.  A  Une  on  grade  follows  a  very  irregular  course 
around  the  end  of  the  divide,  having  3,000  feet  of  steep  hillside  and  1,540  feet  of  rock. 
To  avoid  this,  four  cut-off  lines  were  run  across  the  point,  and  the  northernmost  one,  passing 
above  the  town  with  a  cut  20.5  feet  deep  in  the  center  and  5,900  feet  long,  was  thought 
the  best  route.  This  cuts  off  4.9  miles  in  the  distance  and  avoids  all  rock  and  steep  hill- 
sides, also  a  difficult  railroad  crossing.  From  the  outlet  of  the  cut  a  small  lateral  running 
south  would  supply  the  land  at  the  end  of  the  ridge.  The  main  route  from  here  encounters 
no  difficulties,  passing  across  the  Stinking  Creek  Valley  above  90,000  acres  of  farming  land. 
It  was  continued  along  the  east  slope  of  the  Altus  divide  to  a  point  7  miles  below  Altus, 
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where  it  crossed  the  divide,  but  a  sufficiency  of  land  will  be  found  without  going  so  far. 
This  line  was  35.5  miles  long. 

The  Eiowa-Ooroanche  ditch  line  follows  the  river  bank  for  a  mile,  then  close  to  it  on  a 
clay  bank  for  4  miles  more.  From  this  point  it  runs  on  a  sandy  hillside  until  at  the  end 
of  9.5  miles  it  passes  by  a  small  cut  through  the  point  of  the  ridge  which  bounds  Otter 
Creek  VaUey  on  the  north  and  west.  From  this  point  the  line  is  on  easy  slopes  along  the 
foot  of  this  ridgp  to  above  Snyder,  where  it  crosses  Otter  Creek;  thence  it  follows  down 
the  east  side  of  the  valley  on  easy  sbpes  to  the  Comanche  County  line,  covering  40,000 
acres  of  fine  land,  and  from  this  point  it  takes  a  southeasterly  counn^  covering  a  fine  tract 
of  80,000  acres  in  Comanche  County. 

QiuintiHes  for  Navajo  diversion  ditAes, 

Oreer  County  ditch,  35.5  miles  long,  950,340  cubic  yards: 
Headrick  cut,  109,700  cubic  yards. 
Main  laterals,  12,672  cubic  yards. 
Minor  laterals,  360,000  cubic  yards. 
Bridges — 

9,  45-foot  span. 

25,  30-foot  span. 

41, 15-foot  span. 
Railroad  crossings — 

2,  50-foot  span. 

2,  30-foot  span. 
Flumes— 

2,  50-foot  span  30  feet  wide. 

3,  20-foot-flpan  12  feet  wide. 
Rock  culverts — 

2,  8  by  10  by  40  feet. 
13,  6  by  8  by  40  feet. 
Cement  headgates,  420,  average  capacity  3  secondrfeet. 
EiowarComanche  ditch,  54  miles  long,  1,207,734  cubic  yards: 
Main  laterals,  264,000  cubic  yards.* 
Minor  laterals,  350,000  cubic  yards. 
Bridges — 

11,  45-foot  span. 

12,  30-foot  span. 
29,  25-foot  span. 
42, 15-foot  span. 

Railroad  crossings — 

1,  45-foot  span. 

2,  30-foot  span. 
Rock  culverts — 

6,  6  by  8  by  50  feet. 

4,  6  by  6  by  40  feet. 

13,  4  by  6  by  30  feet. 

Cement  headgates,  430,  average  capacity  3  second  feet. 

These  canal  estimates  were  made  from  the  preliminary  surveys.  Since  that  time  careful 
locating  surveys  have  been  made,  but  the  estimates  from  them  are  not  yet  completed. 

The  duty  of  water  will  vary  greatly,  as  the  rainfall  fluctuates,  not  so  much  from  year  to 
year  as  in  regard  to  the  time  of  the  year  it  occurs.  In  one  year  it  may  come  mainly  in  the 
early  and  late  parts  of  the  season,  while  in  another  it  may  be  distributed  through  the  season. 

Concerning  the  water  supply  the  data  at  hand  are  very  incomplete,  the  measurements  of 
1903  and  1904  being  on  but  three  tributaries — ^North  Fork  above  the  Lugert  reservoir, 
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Elk  Creek  above  the  Navajo  reservoir,  and  Otter  Creek  near  the  dam  site.  A  comparison 
of  estimates  from  the  flow  at  these  points  in  1904  (the  dry  year)  would  indicate  that  60,000 
acres  may  be  irrigated  from  the  Navajo  reservoir.  The  stream  measurements,  under 
charge  of  Mr.  Giles  for  1905,  show  a  flow  of  287,800  acre-feet  from  April  14  to  September  30. 


Plans  and  estimates  are  being  completed  as  rapidly  as  possible  for  submission  to  a  con- 
sulting board.  They  have  been  delayed  mainly  on  account  of  the  diamond-drill  borings 
for  bed  rock  in  the  river  at  the  dam  site.  These  borings  are  very  disappointing,  as  they 
are  showing  bed  rock  at  a  much  greater  depth  than  was  expected,  which  adds  very  largely 
to  the  uncertainty  of  the  project.  The  abutments  are  of  solid  red  granite,  460  feet  apart 
at  the  river  level,  and  there  was  every  indication  of  shallow  bed  rock  in  the  river.  If  these 
expectations  had  been  realized,  no  great  diffculties  would  have  been  presented  in  dam 
construction. 

The  hydrographic  work  on  the  drainage  basin  tributary  to  this  reservoir  indicates  that 
the  water  supply  will  be  ample  for  the  irrigation  of  60,000  acres,  and  if  the  difficulties  that 
have  presented  themselves  cin  be  met  at  a  reasonable  cost  the  Navajo  project  will  be  a 
very  desirable  one.  There  are  over  200,000  acres  of  rich  land  lying  immediately  below  the 
dam  site.    The  available  water  supply  will  therefore  set  the  limit  to  the  enterprise. 

LUQERT  RESERVOIR  SITE. 

The  site  of  the  Lugert  reservoir  is  on  North  Fork  of  Red  River,  near  the  town  of  Lugert. 
The  gaging  for  1904  gave  a  total  discharge  of  68,500  acre-feet.  With  a  dam  70  feet  hi^^ 
the  following  capacities  are  obtained: 


Capacity  of  Lugert  reservoir. 


Contoar. 

Area. 

Capacity 

of 
section. 

Total 
capacity 

Feet. 

Acree. 

Acre-feet, 

Acre-feet. 

1,500 

204 

510 

510 

1,510 

754 

4,788 

5,298 

5,120 

1,735 

12,440 

17,738 

1,530 

2,445 

20,901 

38,639 

1,540 

3,175 

28,104 

66,743 

5,146 

3,853 

21,086 

87,828 

The  dam  site  is  between  two  granite  points,  at  the  bottom  478  feet  apart.  At  a  height 
of  78  feet  the  length  of  dam  on  top  would  be  692  feet.  This  would  give  a  surface  water  line 
at  the  1,546-foot  contour.  To  raise  the  water  level  any  higher  would  necessitate  building 
a  long  embankment  on  the  east  side.  Until  tests  have  been  made  in  the  river  bed  to  dem- 
onstrates how  deep  it  will  be  necessary  to  go  for  solid-rock  foundation,  no  definite  estimate 
of  cost  can  be  made. 

Diversion  from  the  Lugert  reservoir  into  Kiowa  County  is  impracticable,  owing  to  the 
heavy  construction  that  would  be  necessary  around  granite  mountains  on  the  east  side  of 
the  river.  On  the  Greer  County  side  a  very  feasible  route  was  found.  A  mile  below  the 
reservoir  a  rock  point  will  necessitate  400  feet  of  flume.  This  is  the  only  rock  on  the  line. 
A  mile  of  4  to  1  slope  hillside  is  encountered  a  mile  farther  on,  but  this  is  a  good  firm  clay. 
Beyond  this,  the  line  is  on  almost  level  country  in  sandy  loam  soil.  A  good  crossing  was 
found  for  a  flume  over  Elm  Fork  460  feet  long.  After  crossing  Elm  Valley  there  was  choice 
of  two  routes — to  follow  around  the  canyon  side  on  steep  slopes  to  the  Navajo  gap,  or  to 
cut  through  a  low  gap  north  of  Blair.  The  latter  was  surveyed  first  and  proved  so  feasible 
that  the  other  was  not  surveyed.    A  cut  5,500  feet  long,  30  feet  deep  in  the  center,  would 
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carry  the  water  to  the  upper  edge  of  80,000  acres  of  fine  land,  the  ditch  being  7.7  miles  long 
from  the  reservoir.  This  cut  takes  the  place  of  22  miles  of  ditch  around  the  mountain. 
At  its  lower  end  the  ditch  forks.  The  west  branch,  9  miles  long,  runs  a  little  south  of  west 
to  Salt  Fork.  From  this  laterals  can  be  run  south,  often  on  section  lines.  The  east  branch, 
25  miles  long,  runs  southeasterly,  skirting  the  sand  hills,  with  an  occasional  drop  to  keep 
below  them,  passing  across  the  head  of  Stinking  Creek  and  around  the  south  end  of  Navajo 
Mountain.  From  this  line  the  country  has  an  even  southward  slope  of  about  25  feet  to  the 
mile,  making  distribution  very  easy.  At  a  point  6  miles  from  the  cut  on  this  line  the  Altus 
divide  branches  off  nearly  south.  A  lateral  following  the  crest  of  this  divide,  except  where 
two  buttes  ar6  above  grade,  would  distribute  water  east  to  Stinking  Creek  and  west  to 
Bitter  Creek. 

Below  these  lines  and  above  the  Navajo  lines  lies  twice  the  amount  of  land  which  the 
Lugert  reservoir  can  supply.    The  work  on  these  lines  would  be  approximately  as  follows: 

Quantities  for  Lugert  diversion  ditch. 

Main  line  to  cut,  embankment,  313,780  cubic  yards. 

Cement  flume,  400  feet,  340  cubic  yards. 

Steel  flume,  450  feet. 

Elm  cut,  173,300  cubic  yards. 

West  branch,  184,150  cubic  yards. 

Elast  branch,  220,500  cubic  yards. 

Altus  and  Martha  divide  ditches,  193,000  cubic  yards. 

Minor  laterals,  216,000  cubic  yards. 

MOUNTAIN  PARK  RESERVOIR  SITE. 

This  site  is  about  2  miles  north  of  Snyder,  on  the  main  Otter  Creek.  The  drainage  area  is 
126  square  miles.  The  gaging  showed  a  flow  of  5,358  acre-feet  in  1903  and  4,354  acre-feet  in 
1904. 

The  dam  site  is  in  a  granite  canyon  40  feet  wide  at  bottom  and  243  feet  wide  at  height  of 
50  feet.  Mr.  Bonstead  estimated  that  a  rock-fill  dam  would  cost  $102^500,  in  addition  to 
the  condemning  of  4,000  acres  of  land  at  $20,  or  $80,000. 

Capacity  of  Mountain  Park  reservoir. 


Contour. 

Area. 
Acres. 

Capacity 

of 
section. 

Acre-fl. 

Total 
capacity. 

Feel. 

Acre-ft. 

1,370 

17 

42 

42 

1,376 

163 

450 

492 

1,380 

548 

1,785 

2,277 

1,385 

1,265 

4,612 

6,889 

1,390 

2,154 

8,541 

15,430 

1,395 

3,014 

12,921 

28,351 

1,400 

4,327 

18,354 

46,705 

As  the  supply  is  so  inadequate,  investigations  were  made  concerning  the  feasibility  of 
diverting  other  streams  into  this  basin.  By  a  large  expense  Elk  Creek  could  be  so  diverted, 
but  as  it  flows  naturally  into  the  Navajo  basin  that  line  was  not  surveyed.  To  the  east  of  the 
Mountain  Park  basin  is  Horse  Branch,  and  2  miles  farther  Dry  Otter  Creek.  These  streams 
drain  about  100  square  miles,  and  an  approximate  estimate  would  give  them  a  flow  of  6,000 
acre-feet. 

In  Otter  Creek  Valley,  above  the  line  of  the  Navajo  ditch  and  below  the  Mountain  Park 
reservoir,  is  a  tract  of  about  10,000  acres  of  first-class  land.  To  cover  this,  two  ditches  are 
necessary.    For  a  mile  below  the  reservoir  dam  the  stream  runs  in  a  canyon  on  the  side  of 
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which  ditch  construction  would  be  heavy,  owing  to  the  steep  slope  and  rock.  To  avoid  this,  a 
diversion  dam  was  planned  1  mile  below  the  reservoir  dam  to  raise  the  water  24  feet.  From 
this  dam  water  can  be  diverted  on  both  sides  on  easy  slopes.  It  would  also  back  water  20 
feet  deep  against  the  lower  side  of  the  reservoir  dam,  making  a  cushion  for  the  overflow. 

On  the  east  side  the  line  would  be  in  bowlders  for  one-fourth  of  a  mile,  then  on  easy  slopes 
up  Horse  Branch  Valley,  crossing  at  the  railroad.  It  would  be  necessary  to  make  a  cut 
through  a  gap  back  of  the  mountain  to  avoid  several  miles  of  ditch,  much  of  it  in  rock, 
around  a  granite  butte.  This  cut  would  be  5,700  feet  long  and  27  feet  deep  in  the  center. 
It  would  be  rather  costly,  imless  the  town  of  Mountain  Park  would  bear  a  portion  of  the 
expense.  It  might  be  advisable  to  drop  to  a  lower  grade  and  go  below  the  butte.  The  upper 
line  would  pass  through  town;  the  lower  lino  below  it.  As  there  is  more  than  sufficient  land, 
there  is  no  necessity  for  keeping  on  the  high  line.  On  either  line  the  ditch  would  be  on  easy 
slopes  below  Mountain  Park. 

The  west  side  diversion  would  follow  the  foothiUs  to  a  point  west  of  Mountain  Park,  where 
it  could  cross  over  and  cover  a  narrow  strip  lying  above  the  Kiowa  ditch  from  the  Navajo 
reservoir. 

Several  lines  were  run  from  a  point  5  miles  east  of  the  Mountain  Park  reservoir,  on  Dry 
Otter  Creek.  The  one  thought  best  was  2.5  miles  long  to  the  top  of  the  divide  between  that 
creek  and  Horse  Branch,  just  above  the  forks.  From  that  point  the  line  would  be  2.8  miles 
long  to  a  gap  at  the  east  side  of  the  Mountain  Park  reservoir.  Gagings  from  April  19  to 
August  31, 1905,  show  a  flow  of  8,478  acre-feet  in  Dry  Otter  Creek  and  7,788  acre-feet  in 
Horse  Branch.  To  divert  the  flood  waters  of  these  two  streams  into  the  proposed  Moun- 
tain Park  reservoir  would  require  a  ditch  150  feet  wide,  10  feet  deep,  grade  0.2  to  1,000,  from 
Dry  Otter  Creek,  and  one  100  feet  wide  and  10  feet  deep  from  Horse  Branch.  The  total  flow 
given  for  Horse  Branch  occurred  practically  in  six  days.  Estimates  made  on  the  Mountain 
Park  site  show  that  the  cost  is  too  great  for  a  practical  project. 

RECONNAISSANCE   IN   BEAVER  AND   WOODWARD 
COUNTIES.a 

Beaver  and  Woodward  counties  lie  in  a  semihumid  and  arid  region,  the  rainfall  decreasing 
from  28  inches  per  year  in  the  eastern  part  of  Woodward  County  to  12  or  13  inches  in  the 
western  part  of  Beaver  County.  Consequently,  for  proGtable  farming,  irrigation  would  be  a 
great  benefit  to  Woodward  County  and  is  essential  in  Beaver  County. 

The  soil  may  be  divided  into  prairie  land  and  bottom  lands.  The  former  includes  red  land 
derived  from  the  decomposition  of  red  sandstone  and  gypsum  and  light-chocolate  alluvial 
deposit.  The  bottom  lands  are  river  alluvium,  sandy  soil,  and  sand  hills,  all  but  the  sand 
bilk  being  very  rich  and  fertile. 

DRAINAGE. 

This  region  is  traversed  and  drained  by  Cimarron  and  North  Canadian  rivers  and  their 
tributaries.  The  Cimarron  rises  in  the  Raton  Range  and  the  Sierra  Grande  near  Folsom, 
N.  Mex.,  and  flows  in  an  easterly  direction  to  Garrett,  Okla.,  through  a  volcanic  and  sand- 
stone region,  in  which  it  has  eroded  a  gorge  400  feet  deep  and  from  one-third  to  1 J  miles  wide. 
In  this  gorge  good  building  stone  is  plentiful.  Below  Grarrett  the  nature  of  the  stream  and  of 
the  surrounding  country  changes.  The  stream  becomes  wide  and  sand  choked  and  mean- 
ders through  a  wide,  deep  valley  which  it  has  eroded  in  red  sandstone  ("  red  beds")  and  gyp- 
sum and  in  which  building  material  is  very  scarce.  This  valley  is  from  2  to  4  miles  wide  and 
from  350  to  450  feet  below  the  level  of  the  plains.  The  slope  of  the  river  decreases  from  16 
feet  per  mile  near  Kenton,  Okla. ,  to  one-half  that  amount  near  Englewood,  Kans.  The  steep 
slope  and  the  rocky  nature  of  the  watershed  above  Garrett  are  conducive  to  great  floods  of 
short  duration.  At  that  place  a  rise  of  10  or  12  feet  in  less  than  one  hour,  with  a  gradual 
return  to  normal  stage  in  a  few  days,  is  not  uncommon.  Below  Garrett  these  floods  spread 
out,  and  consequently  are  less  violent,  but  last  longer. 


oFrom  report  by  W.  W.  Schlecht. 
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The  North  Canadian,  or  Beaver  Creek,  as  its  western  branch  is  called,  also  rises  near  Fd- 
som,  N.  Mex.,  and  flows  through  a  wide,  shallow  valley  in  an  easterly  direction  to  its  junction 
with  Wolf  Creek  in  Woodward  County,  and  then  in  a  southeasterly  direction.  The  bed  of 
this  stream  is  wide  and  sand  choked,  and  is  from  100  to  200  feet  below  the  level  of  the  plains. 
It  runs  through  red  or  gray  sandstones  and  gypsum,  none  of  which  make  good  building  mate- 
rial. The  slope  of  the  river  decreases  from  15  feet  per  mile  at  the  New  Mexico  boundary  to  7 
feet  per  mile  at  Woodward. 

IRRIGABLE  LANDS. 

In  these  counties  fjhere  are  several  large  tracts  of  first-class  irrigable  land.  TTie  river  and 
creek  valleys  are  generaUy  several  miles  wide  and  contain  rich  alluvial  soil,  sometimes 
mixed  with  sand.  Between  the  Cimarron  and  North  Canadian,  or  Beaver,  lies  a  rolling 
prairie  20  to  40  miles  wide  and  200  miles  long,  with  a  slope  of  14  feet  per  mile  to  the  east.  In 
Beaver  County  the  slope  is  toward  Beaver  Creek,  and  on  account  of  the  slight  fall  (100  to  150 
feet)  to  the  level  of  the  creek  this  plain  is  not  badly  eroded;  but  in  Woodward  County  the 
slope  is  400  to  500  feet  toward  the  Cimarron,  erosion  has  been  great,  and  the  whole  plain  is 
intersected  by  canyons  varying  from  30  to  100  feet  deep. 

CANAL  LINES. 

Generally  in  this  region  canal  lines  along  the  south  or  west  bank  of  any  stream  could  be 
cheaply  constructed,  as  there  would  be  no  rock  excavation  nor  sand  hills,  and  the  cross  slopes 
would  be  as  a  rule  less  than  8^,  the  only  expensive  feature  being  the  crossing  of  drainage 
lines.  The  prevailing  direction  of  high  winds  is  from  the  south  and  southwest.  These 
have  carried  sand  from  the  wide,  dry  beds  of  the  streams  and  have  built  up  ridges  of  saod 
hills  along  the  north  and  east  banks.  Some  of  these  sand-blown  hills  are  70  feet  high,  and  it 
is  not  uncommon  to  find  them  5  or  10  miles  from  the  river  beds.  These  sand  hiUs  would 
make  canal  construction  along  the  north  and  east  banks  very  difficult  and  expensive. 

WATER  SUPPLY. 

The  water  supply  for  an  irrigation  project  here  must  come  from  either  the  Cimarron  or 
North  Canadian  drainage  basin.  The  flow  of  these  streams  is  very  low  during  the  greater 
part  of  the  irrigation  season  and  is  very  variable  from  year  to  year.  Therefore,  as  a  source  of 
supply  for  a  project  of  uniform  and  permanent  value  this  flow  is  negligible  and  a  storage 
reservoir  becomes  indispensable.  The  valleys  are  generally  wide  and  furnish  ample  reservoir 
capacity. 

A  storage  reservoir  may  be  located  on  the  supplying  stream,  or  in  one  of  its  tributary  val- 
leys, or  in  a  natural  depression  or  lake.  The  first  of  these  is  generally  the  cheapest,  because 
it  eliminates  an  inlet  canal,  which  must  be  of  sufficient  capacity  to  carry  the  storm  flow. 
But  with  better  dam  sites  a  tributary  valley  or  a  natural  depression  makes  a  preferable  resei^ 
voir  site. 

WOLF  CREEK. 

Wolf  Creek  drains  the  northeastern  part  of  the  Texas  panhandle  and  flows  northeastward 
to  Fort  Supply,  Okla.,  where  it  joins  Beaver  Creek  and  forms  the  North  Canadian.  The 
drainage  area  is  2,000  square  miles  and  the  slope  in  Oklahoma  averages  8  feet  per  mile.  It 
flows  through  a  broad,  shallow  valley  which  was  formerly  from  2  to  4  miles  wide,  but  which 
at  present  is  broken  by  sand  hills.  There  is  no  dam  site  on  this  stream,  owing  to  (1 )  lack  of 
building  material,  (2)  lack  of  substantial  abutments,  (3)  great  width  of  valley,  and  (4)  great 
depth  of  sand  in  river  bed.  Several  wells  in  the  river  valley  are  40  feet  deep  and  penetrate 
sand  throughout  this  depth.  This  stream  during  the  past  twelve  years  has  only  once  beeo 
known  to  go  dry,  and  then  ordy  for  a  very  short  time.  Consequently,  hydrographic  surveys 
may  show  that  a  small  irrigation  project  utilizing  the  natural  flow  is  feasible.  This  would  be 
within  reach  of  private  enterprise. 
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Od  February  24, 1905,  the  business  men's  association  of  Woodward  petitioned  the  Secre- 
tary of  the  Interior  to  have  a  reservoir  site  on  Wolf  Creek  investigated.  For  the  reasons 
above  stated  a  reservoir  on  this  stream  is  impracticable. 

NORTH  CANADIAN  RIVER. 

The  drainage  area  of  the  North  Canadian  above  Woodward  is  approximately  10,000  square 
miles ;  nevertheless  it  frequently  runs  dry  at  Woodward  during  the  summer  months.  The 
width  of  the  valley,  excluding  the  sand  hills  along  the  north  bank,  is  nowhere  less  than  2 
miles.  The  depth  of  sand  in  the  river  bed  is  great,  and  building  material  is  extremely 
scarce. 

All  the  tributaries  of  this  stream  flow  through  valleys  of  great  and  uniform  width  and 
lack  building  material.  The  laiger  tributaries,  notably  the  Persimmon  and  Indian,  carry 
considerable  water  during  the  irrigation  season.  This  natural  flow  could  be  utilized  by 
private  parties  at  small  expense. 

On  May  2  Samuel  Tatlow  petitioned  the  Secretary  of  the  Interior  to  have  a  reservoir  site 
on  North  Foi^  of  Persimmon  Creek  investigated.  The  drainage  area  of  this  stream  is  less 
than  20  square  miles,  and  on  June  30  the  discharge  was  0.7  second-foot.  The  entire  flow 
if  stored  would  irrigate  600  to  700  acres  and  would  flood  300  acres  of  first-class  land. 

BEAVER  CREEK. 

Beaver  Creek  drains  the  greater  part  of  Beaver  County  and  forms  the  northern  fork  of  the 
North  Canadian.  It  flows  through  a  wide,  shallow  valley,  nowhere  less  than  1  mile  in  width, 
in  which  there  is  no  choke  or  dam  site  and  in  which  the  depth  to  an  impervious  stratum  is 
more  than  30  feet.  West  of  range  10  (Cimarron  meridian)  the  stream  is  usually  dry,  but 
east  of  this  point  it  generally  carries  water. 

The  tributaries  of  this  stream  from  the  north  are  generally  dry,  but  those  from  the  south, 
notably  the  Palo  Duro,  Coldwater,  Clear,  and  Kiowa,  have  a  considerable  flow.  There  is 
no  dam  site  on  these  streams,  the  valleys  being  too  wide  and  without  chokes. 

Although  some  of  the  water  of  both  the  main  creek  and  its  tributaries  is  being  used  for 
irrigation,  still  a  good  deal  more  could  be  done  by  private  enterprise. 

A  natural  basin  in  T.  5  N.,  R.  26  £.,  was  investigated  in  order  to  determine  whether 
Beaver  Creek  could  be  diverted  into  it.  This  basin  will  hold  between  5,000  and  7,000  acre- 
feet,  and  is  180  feet  above  Beaver  Creek,  or  350  feet  above  the  Cimarron.  A  canal,  to  carry 
the  storm  flow  from  Beaver  Creek  to  this  basin,  would  follow  a  sandy  and  badly  washed 
sidehill  and  would  necessarily  be  over  30  miles  long,  the  slope  of  the  creek  being  8  feet  to  the 
mile.     Furthermore,  it  is  extremely  doubtful  whether  this  basin  would  hold  water. 

In  sees.  30  and  31,  T.  2  N.,  R.  19  E.,  Cimarron  meridian,  there  is  a  shallow  basin  covering 
an  area  of  700  acres.  This  basin  is  15  feet  deep,  but  with  a  dam  2,000  feet  long  and  40  feet 
in  maximum  height  the  depth  would  be  increased  to  30  feet,  and  its  storage  capacity  would 
approximately  be  8,000  acre-feet.  There  is  no  rock  in  the  basin,  but  a  layer  of  clay  under- 
lies 18  inches  of  sandy  soil.  The  rim  is  90  feet  higher  than  Palo  Duro  Creek,  and  it  would 
require  a  canal  12  miles  long  to  divert  the  storm  waters  from  this  creek  into  the  basin.  The 
length  and  size  of  the  inlet  canal,  the  length  of  the  embankment,  the  limited  storage  capac- 
ity, and  the  losses  due  to  seepage  and  evaporation  make  this  project  very  expensive. 

GARRETT  PROJECT. 

INVESTIGATION. 

The  drainage  area  of  the  Cimarron  above  Waynoka  is  approximately  10,500  square 
miles.  E^ast  of  Garrett,  Okla.,  there  is  no  dam  site  on  this  stream,  owing  to  the  great  width 
of  the  valley,  the  depth  of  sand  in  the  river  bottom,  and  the  lack  of  building  material.  The 
stream  flows  through  two  salt  marshes  in  the  northeastern  part  of  Woodward  County  and, 
in  addition  to  the  above-named  drawbacks,  the  water  below  these  marshes  is  too  salty  to  be 
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used  for  irrigation.  Buffalo  Creek,  the  chief  tributary  of  the  Cimarron  in  Woodward 
County,  was  dry  on  July  6  and  7.  This  creek  is  flanked  by  gypeum  and  red-sandstone 
bluffs,  but  its  valley  is  over  2,000  feet  wide,  and  the  rock  is  too  poor  to  be  used  as  building 
material  or  to  form  the  abutments  for  a  dam.  Carriso  Creek,  the  chief  tributary  of  the 
Cimarron  in  Beaver  County,  flows  through  a  wide  valley  in  which  good  building  material  is 
plentiful.  There  are  numerous  mining  claims  on  this  stream,  the  possible  value  of  which 
would  materially  add  to  the  cost  of  a  reservoir. 

The  goige  of  the  Cimarron  between  Qarrett,  Okla.,  and  a  point  6  miles  west  of  Folsom, 
N.  Mex.,  was  explored  for  more  favorable  conditions  than  those  existing  at  the  Kenton  site 
and  cross  sections  were  surveyed  at  all  the  narrow  points.  The  following  table  gives  the 
results  of  these  surveys: 

Dam  sites  on  Cimarron  River, 


Location. 

Average 
lenjgtfi 
of  dam. 

Extreme 
height 
of  dam 
above 
river. 

Drain- 
age area. 

Capacity. 

Abutments 

and  building 

material. 

Sec.  1,  T. 30  N.,  R.  27  E.,  New  Mexico  meridian. 

T.  30  N.,  R.  31 E.,  New  Mexico  meridian 

T.  5  N.,  R.  2  E.,  Cimarron  meridian 

Feet, 
700 

2,000 
2,500 
2,100 
1,800 

Feet. 
100 

100 
80 
80 
80 

Sq.  miles. 
65 

200 
1,500 

850 
2,100 

Acre-feeL 
'     10,000 

40,000 
65,000 
70,800 
58,200 

lava. 
Do. 
Do. 

Kenton          . 

Do 

Garrett 

Sandstone. 

The  table  shows  that  the  Kenton  and  Garrett  sites  have  the  most  advantageous  features. 
Considered  solely  as  storage  sites  they  are  of  equal  value,  the  former  having  a  longer  dam 
but  a  correspondingly  greater  capacity.  Thd  advantages  of  an  irrigation  project  at  the 
Qarrett  site,  however,  are:  (1)  The  drainage  area  is  laiger  (2,100  square  miles,  as  against 
850) ;  (2)  the  irrigable  land  is  in  a  wider  tract,  consequently  the  cost  of  canal  lines  will  be 
less.  Below  Kenton  there  is  a  gorge  25  miles  long  and  1  mile  in  average  width,  flanked  by 
rock  bluffs  70  to  200  feet  hi^,  whereas  below  Qarrett  the  rock  bluffs  disappear  and  the 
average  width  of  the  valley  is  between  2  and  3  miles.  The  above  advantages  make  this  the 
most  feasible  project  in  northern  Oklahoma,  and  in  order  to  make  a  preliminary  estimate  a 
reconnaissance  survey  of  the  dam,  the  reservoir,  and  the  canal  lines  was  made,  and  a 
permanent  gaging  station  was  established. 

RESERVOIR. 

This  reservoir  is  located  chiefly  in  T.  5  N.,  R.  4  E.,  Cimarron  meridian.  Its  capacity  is 
as  follows: 

Capacity  of  Qarrett  reservoir. 


Contour. 

Area. 

Capacity 
of  section. 

Total 
capacity. 

Feet. 

Acres. 

Acre-feet. 

Acre-feet. 

4,200 

74 

370 

370 

4,210 

234 

1,540 

1,910 

4,220 

418 

3,260 

5,170 

4,230 

652 

5,350 

10,520 

4,240 

910 

7,810 

18,330 

4,250 

1,182 

10,460 

28,790 

4,260 

1,476 

13,290 

42,080 

4,270 

1,752 

16,140 

58,220 

The  greater  part  of  the  land  in  the  reservoir  is  patented,  and  if  this  is  condemned  in 
40-acre  tracts  the  area  to  be  condenmed  would  be  2,320  acres. 
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The  dam  site  is  located  in  the  SW.  }  of  sec.  9,  T.  5  N.,  R.  4  E.,  Cimarron  meridian.  The 
south  abutment  is  a  sandstone  bluff  230  feet  high,  and  the  north  abutment  is  a  gradually 
sloping  ridge  on  ^ich  sandstone  outcrops  at  several  places.  A  spillway  300  feet  long 
could  be  readily  excavated  in  a  gap  of  this  ridge  and  would  dischaige  the  overflow  into  the 
stream  three-fourths  mile  below  the  dam.  A  masonry  dam  at  this  site  to  impound  58,220 
acre-feet  would  contain  132,800  cubic  yards,  and  a  rock-fill  dam  with  1  to  1  upstream  slope 
and  1  vertical  to  1}  horizontal  downstream  slope,  15  wide  at  top  and  with  a  masonry  core 
wall  from  1  to  16  feet  thick,  would  contain  497,000  cubic  yards  rock  fill  and  46,000  cubic 
yards  of  masonry. 

GAKAL  LINBS. 

A  canal  line  42  miles  long  was  surveyed  along  the  south  side  of  Cimarron  River,  starting 
at  the  reservoir  site.  ^Thirty-five  miles  of  this  canal  were  through  firm  ground  having  cross 
slopes  of  }®  to  6®,  3  miles  were  through  sandy  soil  with  cross  slopes  of  J*^  to  6®,  1  mile  was 
through  sand,  and  3  miles  were  through  rock  of  which  one-half  mile  had  cross  slopes  of  15^ 
to  27^  and  the  remainder  2^  to  6^.  This  canal  will  control  36,000  acres,  of  which  12,000  are 
first-class  irrigable  land,  12,000  are  second-class  irrigable  land,  and  12,000  are  either  too 
hi^,  too  rocky,  or  too  rough  to  be  irrigated.  It  was  originaUy  intended  to  run  this  line  so 
as  to  reach  the  wide  area  of  irrigable  land  on  the  plains  constituting  the  divide  between 
the  Cimarron  and  the  Beaver,  but  after  surveying  42  miles  the  line  was  still  50  feet  below 
the  plain,  and  the  region  through  which  it  ran  was  getting  very  rough.  This  canal  line 
crosses  nine  wide  but  shallow  arroyos,  across  which  the  water  will  have  to  be  carried  in  a 
flume  or  inverted  syphon. 

A  canal  line  was  also  run  along  the  north  side  of  the  Cimarron.  This  canal  as  soon  as  it 
leaves  the  river  valley  strikes  a  ridge  of  sand  and  loose-rock  hills  varying  from  80  to  150 
feet  high  in  which  construction  would  be  very  expensive;  it  will,  therefore,  have  to  skirt  the 
base  of  these  hills  and  with  this  location  it  will  control  350  acres  of  irrigable  land  per  mile 
of  canal.  Of  the  area  controlled  by  these  canal  lines  9,120  acres  are  patented  land;  of  this 
amount  80  per  cent,  or  7,300  acres,  is  irrigable  land. 

IRRIOABLE  LAND. 

Hydrographic  records  on  which  to  base  an  estimate  of  the  run-off  of  Cimarron  River  are 
not  available,  but  it  is  fair  to  assume  that  the  flow  of  the  river  during  the  nonirrigating  sea- 
son will  fill  the  reservoir;  that  the  flow  during  the  irrigating  season  will  exceed  the  losses 
due  to  seepage  and  evaporation,  and  that  2  acre-feet  stored  in  the  reservoir  will  irrigate  1 
acre.  With  these  assumptions  this  project  will  reclaim  30,000  acres.  This  land  lies  in  T.  5 
N.,  Rs.  4,  5,  6,  7,  and  8  E.,  Cimarron  meridian.  Twelve  thousand  acres  of  the  irrigable 
land  will  be  in  the  river  bottom,  and  will  require  little  work  to  prepare  it  for  irrigation;  the 
remaining  18,000  acres  have  considerable  slope  and  will  require  terraces  or  checks  to  prevent 
erosion.  The  bottom  lands  in  this  region  will  yield  fair  crops  of  Kaffir  com,  milo  maize,  and 
wild  hay  without  irrigation ;  the  bench  lands  are  fine  grazing  lands,  but  will  not  yield  a  crop. 
With  irrigation  they  will  all  yiejd  fine  crops  of  alfalfa,  com,  wheat,  or  fruit.  On  account  of 
the  adjacent  excellent  range  lands,  which  extend  for  miles  to  the  north  and  south,  the  chief 
product  would  be  forage  crops.  Clayton,  N.  Mex.,  on  the  Colorado  and  Southem  Railroad, 
is  the  nearest  railroad  depot  and  is  50  miles  from  Garrett;  this  distance  from  a  raUroad 
would  also  tend  to  make  this  the  center  of  a  stock-raising  region. 

PUMPINO. 

A  head  of  100  feet  may  be  obtained  from  a  canal  line  11  miles  long,  but  all  the  irrigable 
land  not  controlled  by  the  gravity  canals  is  400  feet  above  the  river,  and  since  all  the  water 
for  power  must  be  stored  pomping  is  not  a  practical  proposition. 
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A  masoniy  dam  4,000  foet  long  and  85  feet  hi^  at  a  maximum  can  be  oonstnicted  on 
good  bed  rock.  Half  of  this  length  would  be  a  low  wall  from  5  to  10  feet  in  height.  A  high 
bluff  of  good  sandstone  is  convenient,  and  would  furnish  material  for  a  masomy  or  rock-fill 
dam.  There  is  also  a  natural  spillway  on  the  north  side  of  the  river  at  an  elevation  suitable 
for  maintaining  a  water  depth  of  75  to  80  feet  in  the  reservoir.  The  maximum  storage 
capacity  would  be  58,000  acre-feet.  Sixty  miles  of  main  canal  would  supply  water  to  30,000 
acres  of  good  land,  and  the  water  supply  would  not  be  sufficient  for  more  than'  this  area. 
This  project  is  too  expensive  for  serious  consideration. 
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OPERATIONS  IN  OREGON. 

By  John  T.  Whistler. 

EARMER  INVESTIGATIONS. 

Preliminary  examinations  in  various  parts  of  the  State  were  made  in  1903,  followed  in  the 
same  year  by  preliminary  surveys  for  the  Malheur,  Harney,  and  Umatilla  projects.  In  1904 
more  complete  surveys  were  made  for  the  Malheur  project  and  further  surveys  and  investigar 
tions  for  the  Uitiatilla  project.  During  this  year  preliminary  surveys  were  made  also  for 
certain  projects  in  the  central  part  of  the  State.  These  examinations  and  surveys  have  been 
referred  to  at  length  in  the  Second  Annual  Report  of  the  Reclamation  Service,  pages  433  to 
444,  and  in  the  Third  Annual  Report,  second  edition,  pages  463  to  476. 

MAIiHEUR  PROJECT. 

LOCATION  AND  GENERAL  DESCRIPTION. 

The  land  to  be  served  by  the  Malheur  project  is  located  in  the  east-central  part  of  the 
State,  along  Malheur  and  Snake  rivers.  The  irrigation  of  about  100,000  acres  of  bench  and 
bottom  lands  Is  proposed,  by  storage  in  the  Harper  reservoir  and  diversion  at  the  mouth  of 
the  Malheur  Canyon  directly  onto  the  western  extremity  of  the  irrigable  area.  The  eleva- 
tion of  the  irrigable  lands  is  from  2,150  to  2,350  feet  above  sea  level. 

Preliminary  investigations  and  surveys  were  made  in  1903,  followed  by  more  complete 
surveys  in  1904.  The  results  have  been  printed  in  the  second  and  third  annual  reports. 
The  surveys  of  the  Harper  reservoir  site  show  that  a  dam  about  175  feet  high  will  impound 
nearly  double  the  average  run-off  of  the  river,  and  at  the  same  time  make  available  a  natural 
spillway  site.  The  extreme  variation  in  total  dischaige  of  the  Malheur  requires  the  storage 
of  considerably  more  than  the  average  run-off  of  the  river,  in  order  to  provide  an  assured 
water  supply  for  all  years. 

EARLIER  SURVEYS. 

From  surveys  made  in  1903  it  appeared  that  about  75,000  acres,  including  land  at  present 
irrigated,  could  be  brought  under  the  project  by  a  diversion  at  the  mouth  of  the  Malheur 
Caoyon,  about  12  miles  above  Vale.  More  complete  surveys  in  the  following  year,  together 
with  increased  data  as  to  the  run-off  of  Malheur  River,  show  that  the  area  may  be  increased 
to  100,000  acres. 

SURVEYS  DURING  1905. 

During  the  past  year  the  only  fieldwoi^  done  has  been  the  examination  and  survey  of  two 
possible  reservoir  sites  in  the  upoer  Malheur  watershed,  survey  and  investigation  of  the  pos- 
sible diversion  of  Bully  Creek  into  the  Harper  reservoir,  and  the  development  of  a  few  minor 
areas  of  topography,  the  necessity  for  which  became  ^parent  in  making  up  the  estimates 
based  on  surveys  during  the  year  1904. 

WATER  SUPPLY. 

The  gaging  station  on  Malheur  River  at  Vale  was  maintained  at  intervals  prior  to  May, 
1903,  by  the  United  States  Geological  Survey.  The  station  was  established  in  1890,  and 
prior  to  the  investigations  of  the  Reclamation  Service  a  total  record  of  a  little  over  three 
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years  was  obtained.  Since  then  two  to  four  stations  have  been  maintained  on  this  river,  and 
a  total  record  of  nearly  six  years  is  now  available  for  the  discharge  at  Vale.  The  total  run- 
off available  for  this  project  in  1904  was  over  800,000  acre-feet.  For  the  present  year  it  is 
estimated  that  the  total  run-off  which  would  be  available  will  amount  to  little  over  200,000 
acre-feet.  The  minimum  discharge  recorded  is  that  for  1890,  when  but  140,000  acre-feet 
was  recorded  at  Vale.  Including  the  run-off  of  the  present  year,  which  is  generaUy  con- 
sidered by  those  who  have  lived  in  this  locality  longest  to  have  been  unusually  low,  it  is  now 
estimated  that  the  average  run-off  available  will  amount  to  not  less  than  350,000  acre-feet. 

In  conformity  with  an  irrigation  act  passed  by  the  legislature  of  Oregon  (see  pages  905- 
308),  the  State  engineer  was  notified  May  18,  when  the  law  became  effective,  that  the 
United  States  intends  to  utilize  all  unappropriated  waters  of  Malheur  River.  These  waters 
are  therefore  not  subject  to  further  appropriation. 

Cable  gaging  stations  are  being  maintained  on  Malheur  River  at  Vale,  below  the  mouth 
Bully  Creek,  and  at  the  Harper  reservoir  site.  This  latter  station  will  be  moved  to  the 
mouth  of  Malheur  Canyon  at  the  proposed  diversion-dam  site,  on  account  of  the  impractica- 
bility of  maintaining  an  observer  at  the  present  station.  Bridge  stations  are  also  being 
maintained  between  these  two  stations  and  at  a  point  about  halfway  between  Vale  and  the 
mouth  of  Malheur  River.    Stations  are  also  maintained  on  Bully  Creek. 

Since  the  beginning  of  the  season  of  1904  the  entire  time  of  one  man  has  been  given  to 
measurements  of  the  use  of  water  in  the  various  ditches  taking  water  from  Malheur  River 
below  the  proposed  reservoir,  and  a  study  of  the  use  of  water  in  order  to  determine  the  duty 
of  water  in  this  project  and  other  data  necessaiy  to  the  proper  design  of  the  canals  and 
distributary  system. 

ESTIMATE  OF  COST. 

Earlier  estimates  of  cost  were  based  on  the  actual  cost  of  construction,  exclusive  d 
maintenance  and  necessary  drainage.  In  May  of  the  present  year  a  project  board  of  engi- 
neers, consisting  of  Messrs.  A.  P.  Davis,  D.  C.  Henny,  and  John  T.  Whistler,  considered  the 
estimates  prepared  and  recommended  that  the  project  be  authorized  at  a  cost  of  not  to 
exceed  $40  per  acre  for  construction,  maintenance,  and  drainage,  and  that  an  actual  chugp 
of  not  to  exceed  $2  per  acre  might  be  made  for  the  purchase  of  the  existing  ditches  and  their 
water  rights,  if  it  should  later  be  necessary  or  desirable. 

VALUE  OF  LANDS. 

As  improved  and  irrigated  lands  in  the  Malheur  Valley,  with  the  imperfect  water  supply 
available  for  most  of  them,  now  sell  for  $100  or  more  per  acre,  there  appears  to  be  a  good 
margin  between  the  value  of  land  with  good  water  supply  and  the  estimated  cost  of  not  to 
exceed  $42  per  acre  for  this  project.  Examinations  by  the  soils  engineers  show  that  little 
or  none  of  the  land  need  be  excluded  from  the  project  on  account  of  quality  of  soil. 

UNPATENTED  LANDS  AND  EXCESS  HOLDINGS. 

About  85  per  cent  of  the  land  under  this  project  is  patented.  Of  these  patented  lands 
about  25,000  acres  are  owned  by  a  foreign  syndicate,  known  as  the  Road  Lands  Company, 
as  a  part  of  the  WiUamette  Valley  and  Cascade  Mountains  military  road  grant,  extending 
from  eastern  Oregon  through  central  Oregon  and  across  the  Cascade  Mountains  to  the  Will- 
amette Valley.  With  the  exception  of  the  lands  held  by  this  company,  there  are  compara- 
tively few  excess  land  holdings.  Up  to  the  present  time  the  company  has  not  agreed  to 
submit  its  lands  to  the  project  on  conditions  satisfactory  to  the  Government. 

WITHDRAWALS. 

Unpatented  lands  covering  reservoir  and  diversion  sites  have  been  withdrawn  from  all 
entry.  Unpatented  irrigable  lands  have  been  withdrawn  from  aU  except  homestead  entiy 
under  the  reclamation  act. 
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WATER  USERS*  ASSOCIATION. 

In  September,  1904,  the  owners  of  patented  land  organized  the  Malheur  Water  Usere 
Association  to  undertake  the  adjustment  of  the  present  vested  water  rights  and  other  mat- 
ters incident  to  furthering  the  proposed  project  by  the  Government.  This  association  was 
denized  with  $30  as  the  par  value  of  a  share  of  stock,  based  on  the  earlier  preliminary  esti- 
mates of  cost  of  project  per  acre,  as  referred  to  abdve.  A  reoi^ganization  will  now  be  neces- 
sary, but  will  probably  not  be  made  until  the  Road  Lands  Company  comes  to  an  agreement 
in  regard  to  the  inclusion  of  its  lands. 

OWYHEE  PBOJECT. 

LOCATION  AND  GENERAL  DESCRIPTION. 

Hie  irrigable  lands  under  the  Owyhee  project  lie  inmiediately  south  of  the  area  covered 
by  the  Malheur  project  and  extend  south  along  Snake  River  to  and  including  the  lands 
about  the  mouth  of  Sucker  and  Jump  creeks,  Idaho.  Owyhee  River  empties  into  the  Snake 
about  20  miles  above  the  mouth  of  the  Malheur.  The  elevation  of  these  lands  is  the  same 
as  that  of  those  included  in  the  Malheur  project — 2,150  to  2,250  feet  above  sea  level. 

Owyhee  River  flows  for  the  most  part  through  a  canyon  from  200  to  400  feet  or  more  in 
depth,  and  no  diversion  can  be  made  to  cover  any  large  body  of  land  on  either  side,  except 
by  the  construction  of  a  high  diversion  dam  at  the  mouth  of  the  Owyhee  Canyon,  about  15 
miles  above  the  mouth  of  the  river.  With  such  a  dam  it  would  be  possible  to  cover  a  large 
part  of  the  lands  now  proposed  to  be  irrigated  under  the  Malheur  project.  The  two  projects 
are  therefore  closely  related,  and  have  been  considered  together. 

EARLIER  SURVEYS. 

A  preliminary  examination  for  this  project  was  made  early  in  1903  and  reported  on  in 
connection  with  the  Malheur  project.  Further  investigation  and  surveys  were  not  at  that 
time  recommended,  but  on  account  of  the  later  estimated  cost  per  acre  of  the  Malheur 
project  and  the  possibility  that  the  so-called  Road  Lands  Company  might  not  submit  its 
lands  under  that  project,  it  appeared  desirable  this  year  to  extend  the  investigations  for 
the  Owyhee  project. 

SURVEYS  IN  1905. 

During  the  latter  part  of  1904  the  irrigable-land  surveys  for  the  Malheur  project  were 
extended  to  include  a  few  thousand  acres  lying  south  of  Owyhee  River.  A  rapid  recon- 
naissance line  was  also  run  to  determine  what  area  farther  south  might  be  included  in  the 
Owyhee  project,  if  a  higher  diversion  dam  should  be  found  practicable.  During  the  past 
year  all  the  remaining  lands  south  of  the  Owyhee — ^about  35,000  acres — were  mapped  on 
a  scale  of  2,000  feet  to  1  inch;  surveys  were  made  of  a  possible  reservoir  site  on  Sucker  Creek 
to  supplement  the  Owyhee  water  supply  by  serving  lands  otherwise  too  high,  and  diamond- 
drill  borings  were  made  at  the  proposed  diversion-dam  site  and  at  the  two  reservoir-dam 
sites  locally  known  as  Red  Butte  and  Duncans  Ferry,  the  former  about  50  miles  above 
the  mouth  of  the  river  and  the  latter  perhaps  100  miles  above.  Borings  at  the  diversion 
site  show  a  fair  foundation  for  a  masonry  dam  at  a  depth  of  not  over  25  feet  below  the  river 
bed.  Borings  at  the  Red  Butte  dam  site  developed  rock  at  about  the  same  depth,  but  of 
poor  quality  for  a  masonry-dam  foundation.  Borings  for  a  spiUway  site  at  this  latter 
place  also  showed  that  the  underlying  material  consists  of  bowlders  and  clay  to  a  great  depth. 
Borings  at  the  Duncans  Ferry  site  developed  a  good  foundation  for  a  masoniy  dam  at  prac^ 
tically  the  level  of  the  river  bed.  Preliminary  alternative  estimates  have  been  made  as 
surveys  and  boring  work  progressed,  but  completed  estimates  can  not  be  made  for  some 
time. 

H.  Doc.  86.  59-1 21 
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WATER  SUPPLY. 

The  annual  discharge  from  Owyhee  River  considerably  exceeds  that  of  the  Malheur 
Between  5,000  and  6,000  acres  are  at  present  irrigated  from  the  Owyhee.  This  represents 
about  the  limit  of  the  area  irrigable  without  storage. 

A  gaging  station  has  been  noaintained  on  Owyhee  River  at  intervals  since  1894.  Care- 
ful measurements  and  records  of  the  use  of  water  through  the  Owyhee  ditch  are  being  made 
by  the  hydrographer  carrying  on  the  same  work  under  the  Malheur  project.  This  ditch  is 
practically  the  only  diversion  from  Owyhee  River  below  the  mouth  of  the  canyon. 

UNPATENTED  LANDS  AND  EXCESS  HOLDINGS. 

A  very  small  portion  of  the  area  which  can  be  irrigated  from  Owyhee  River,  whether  con- 
fined to  the  areas  south  of  the  river  or  extended  north  to  cover  part  of  the  present  Malheui' 
project,  is  unpatented.  Some  5,000  or  6,000  acres  of  land  under  the  project,  if  extended 
north  only  to  the  limit  of  the  present  proposed  Malheur  project,  are  owned  by  a  company 
holding  lands  of  The  Dalles  military  road  land  grant. 

WITHDRAWALS. 

All  irrigable  lands  on  the  north  side  of  the  Owyhee  have  been  withdrawn  from  aU  except 
homestead  entry  under  the  Malheur  project.  Those  on  the  south  side  in  Oregon  have  been 
withdrawn  from  all  entry  under  the  Owyhee  project.  The  irrigable  lands  under  the  proj- 
ect in  Idaho  have  not  been  withdrawn,  as  from  the  records  there  appears  to  be  little  or  no 
land  still  unpatented.  The  lands  for  both  the  Red  Butte  and  Duncans  Ferry  reservoir  sites 
have  been  withdrawn  from  all  entry. 

WILtiOW  CREKK  PROJECT. 

In  connection  with  the  Malheur,  the  Willow  Creek  project  has  been  considered.  The 
discharge  of  this  creek  is  extremely  irregular,  and  a  final  consideration  of  the  project  can 
not  be  given  until  discharge  measurements  have  been  made  for  several  years.  This 
project  has  been  referred  to  at  length  in  the  Third  Annual  Report,  second  edition,  pages 
465  and  466. 

UMATIL.IiA  PROJECT. 

LOCATION  AND  GENERAL  DESCRIPTION. 

The  Umatilla  project  has  heretofore  contemplated  the  irrigation  of  a  potion  of  the  laige 
area  of  irrigable  lands  lying  between  Willow  Creek  and  Umatilla  River  and  bordering 
on  Columbia  River  (PI.  XLIX).  Earlier  investigations  and  surveys  have  been  referred  to 
at  length  in  the  Second  Annual  Report,  pages  433  and  434,  and  in  the  Third  Annual  Report 
(second  edition),  pages  468  and  469. 

During  the  latter  months  of  1904  surveys  developed  a  good  reservoir  site,  referred  to  as 
the  Carty  reservoir  site,  in  T.  2  N.,  Rs.  24  and  25  £.,  immediately  southwest  of  the  aban- 
doned Juniper  reservoir  site,  referred  to  in  Third  Annual  Report.  About  the  same  time 
a  comparatively  low  pass  was  found  in  T.  1  N.,  Rs.  19  and  20  E.,  through  which  it  would 
be  possible  to  divert  the  waters  of  John  Day  River  and  cover  practically  all  of  the  irrigable 
land  west  of  Umatilla  River,  about  200,000  acres.  Only  a  few  preliminaiy  lines  were  run, 
but  sufficient  information  was  obtained  to  demonstrate  the  feasibility  of  such  a  |nx>ject, 
though  at  a  probable  high  cost  per  acre.  It  would  require  the  use  of  the  Carty  reservoir 
site  and  probably  an  additional  site  in  Tps.  8  and  9  S.,  Rs.  24  and  25  E.,  known  as  the  Spray 
reservoir  site. 
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WATER  SUPPLY. 

The  run-off  of  John  Day  River  is  about  five  or  six  times  that  of  the  Umatilla.  A  gaging 
station  has  been  maintained  about  15  miles  above  the  mouth  of  the  river  since  October, 
1904.'  Unchecked  records  of  measiu^ments  at  this  station  show  that  not  less  than  1,250,000 
acre-feet  were  discharged  during  the  past  year. 

In  conformity  with  the  laws  of  the  State  (see  pp.  306-308),  the  State  engineer  was  noti- 
fied on  September  6  that  the  United  States  intends  to  utilize  all  unappropriated  waters 
of  Umatilla  River.    These  waters  are  therefore  not  subject  to  further  appropriation. 

UNPATENTED  LANDS. 

By  a  ruling  of  the  Department  of  the  Interior  since  the  publication  of  the  Third  Annual 
Report,  the  Northern  Pacific  Railway  grant  has  been  considerably  increased,  and  the  unpat- 
ented land  coming  under  the  project  will  but  little,  if  at  all,  exceed  one-third  of  the  total 
area. 

WITHDRAWALS. 

Besides  the  lands  withdrawn,  as  referred  to  in  the  Third  Annual  Report,  additional  lands 
which  may  be  irrigated  in  part,  and  also  lands  for  the  Spray  reservoir  site  and  covering  John 
Day  Canyon  from  the  point  of  diversion,  have  been  withdrawn  from  all  forms  of  entry. 

EAST  UMATIIiiA  PROJECT. 
LOCATION  AND  GENERAL  DESCRIPTION. 

Owing  to  the  great  length  of  feed  canal  necessary  for  supplying  the  Carty  reservoir  from 
UmatiUa  River,  under  the  Umatilla  project,  and  also  because  of  the  desirability  of  maintain- 
ing the  lands  west  of  Umatilla  River  free  from  any  construction  which  would  increase  the 
acre  cost  of  a  future  project  from  John  Day  River,  investigations  were  made  early  in  the 
present  season  for  a  possible  small  project  for  the  lands  on  the  east  side  of  Umatilla  River 
and  bordering  on  the  Columbia. 

A  small  reservoir  site,  lying  principally  in  the  NE.  comer  of  T.  4  N.,  R.  29  E.,  was  inves- 
tigated. This  would  have  40,000  to  50,000  acre-foet  capacity,  by  the  construction  of  an 
embankment  70  to  80  feet  high.  Lying  below  are  some  20,000  acres  of  irrigable  land,  at 
an  elevation  of  from  300  to  550  feet  above  sea  level,  which  can  be  supplied  from  this  reservoir. 

WATER  SUPPLY. 

Records  of  stream  measurement  on  Umatilla  River  at  Gibbon  since  1896  and  at  additional 
stations  on  the  river  since  1903  show  that  an  ample  supply  of  water  is  available,  with  a  com- 
paratively small  feed  canal. 

PROGRESS  OF  WORK. 

During  the  past  season  a  general  topographic  map  on  a  scale  of  1}  miles  to  1  inch  has  been 
made  of  the  entire  irrigable  area,  both  of  the  larger  Umatilla  project  from  John  Day  River 
and  of  the  East  Umatilla  project  from  the  Umatilla.  Topographic  surveys  have  been  made 
of  the  reservoir  site  on  a  scale  of  1,000  feet  to  1  inch,  and  the  detail  topography  developed 
of  the  dam  site  and  feed-canal  lines  on  a  scale  of  100  and  400  feet  to  the  inch.  Test  pits 
have  been  put  down  over  the  larger  part  of  the  embankment  fine  and  at  the  proposed  spiU- 
way  site.  Bed  rock  is  encountered  at  the  dam  site  at  a  depth  of  22  to  25  feet  below  the 
surface.  From  these  surveys  estimates  of  quantities  abd  cost  are  being  prepared  for  the 
consideration  of  a  board  of  consulting  engineers. 

Studies  are  also  being  made  of  the  use  of  water  through  the  existing  ditches  taking  water 
from  Umatilla  River,  in  order  to  determine  the  rights  of  the  Government  to  use  the  water 
under  the  project,  and  also  for  use  in  any  adjudication  of  water  rights  which  nuiy  be  required 
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A  hydrographic  map  on  a  scale  of  1,000  teet  to  1  inch  is  being  made  of  the  lands  and 
irrigation  system  below  the  proposed  diversion.  The  measurement  of  ditches  and  collection 
of  other  data  relating  to  use  of  water  from  Umatilla  River  above  this  point  is  being  done 
by  the  State  engineer  at  the  expense  of  the  Statt^. 

UNPATENTED  LANDS  AND  EXCESS  HOLDINGS. 

Of  the  total  area  of  irrigable  land  under  the  project  less  than  1,000  acres  remain  unpat- 
ented or  not  entered.  Each  odd  section  of  land  is  either  patented  to  or  claimed  by  thj 
Northern  Pacific  Railway  Company  under  railroad  grant.  Other  lands  have  been  entered 
in  a  few  cases  by  homestead  entries,  but  generally  by  desert-land  entries,  planning  to  reclaim 
the  lands  by  water  from  one  of  several  ditches  either  proposed  or  partly  constructed.  Of 
these  latter  the  Maxwell  Land  and  Irrigation  Company  owns  the  most  extensive,  and  with 
other  rights  has  acquired  by  purchase  the  title  to  between  8,000  and  9,000  acres  of  land 
which  would  come  under  the  proposed  Government  project.  Negotiations  are  being  carried 
on  with  the  saveral  excess  landowners  looking  toward  the  acquirement  of  their  rights,  and 
an  agreement  on  their  part  to  subscribe  their  excess  holdings.  Withdrawals  from  all  entiy 
have  been  made  for  lands  covering  the  reservoir  site  and  irrigable  lands. 

CENTRAIi  OREGON  PROJECTS. 

The  Silver  Creek,  Chewaucan,  Ana  River,  Silver  Lake,  and  Odell  and  Crescent  lakes 
projects,  in  central  Oregon,  have  been  referred  to  at  length  in  the  Third  Annual  Report, 
second  edition,  pages  471  to  486. 

No  further  investigations  have  been  made  during  the  past  season  of  these  projects, 
except  for  the  Silver  Lake  project,  in  which  an  examination  was  made  as  to  the  feasibility 
of  diverting  across  the  divide  to  the  north  into  Silver  Creek  some  of  the  streams  which  now 
empty  into  the  Sycan  Marsh.  This  appeared  feeble,  but  little  information  is  available  as 
to  the  discharge  of  thes?  streams.  Practically  no  data  could  be  had  as  to  the  discharge  of 
the  streams  of  central  Oregon  prior  to  the  summer  and  fall  of  1904,  when  gaging  stations 
were  established  on  all  the  streams  affecting  the^  projects.  Owing  to  the  time  and  expense 
involved  in  making  frequent  trips  into  this  part  of  the  State,  a  hydrographer  has  been  sta- 
tioned at  Silver  Lake,  and  gives  his  entire  time  to  the  woric  at  this  and  certain  other  stations. 

COOPERATION  WITH  THE  STATE. 

The  Oregon  State  legislature  on  February  16, 1904,  passed  an  irrigation  act,  providing, 
among  other  things,  for  cooperation  with  the  United  States  in  hydrographic  and  topographic 
surveys  and  in  the  construction  of  works  for  the  development  and  use  of  the  water  supply 
of  the  State. 

The  following  is  a  copy  of  the  law,  which  became  effective  on  May  18: 

Section  1.  Appropriation  of  water.— Anj  person,  assodation,  or  corporation  hereafter  intending  to 
acquire  the  right  to  the  beneficial  use  of  any  waters  for  the  reclamation  of  arid  lands  shall  post  in  a  con- 
spicuous place  at  the  proposed  point  of  diversion  a  written  or  printed  notice  containing  the  name  of 
such  applicant  and  the  stream  or  other  source  of  supply  of  such  water,  a  brief  description  of  the  pdnt 
of  diversion  and  the  nature  of  the  beneficial  use  to  which  such  waters  are  to  be  applied,  and  the  exact 
date  of  posting,  and  shall  witliin  fifteen  days  thereafter  file  in  the  ofllce  of  the  clerk  of  the  county  in 
which  such  notice  is  posted  a  duplicate  thereof  so  attested,  and  shall  within  thirty  days  thereafter  file 
in  the  office  of  the  State  engineer  a  certified  copy  of  such  duplicate  as  filed  In  the  office  of  the  county 
clerk,  which  shall  be  accompanied  by  such  information,  maps,  field  notes,  plans,  and  spedflcations  ts 
may  be  necessary  to  show  the  method  of  construction.  All  such  maps,  field  notes,  plans,  and  specifi- 
cations shall  be  made  from  actual  surveys  and  measurements,  and  shall  be  retained  In  the  office  cf  the 
State  engineer:  Provided,  That  appropriation  of  water  by  the  United  States  shall  be  made  as  provided 
in  section  2. 

Sec.  2.  Appropriation  of  water  by  United  States.— Whenever  the  proper  officers  of  the  United 
States  authorized  by  law  to  construct  works  for  the  utilisation  of  water  within  this  State,  shall  file 
Li  the  office  of  the  State  engineer  a  written  notice  that  the  United  States  intends  to  utilize  certain  speci- 
fied waters,  the  waters  described  in  such  notice  and  unappropriated  at  the  time  of  the  filing  thereof 
shall  not  be  subject  to  further  appropriation  under  the  laws  of  this  State,  but  shall  be  deemed  to  have 
been  appropriated  by  the  United  States :  Provided,  That  within  a  period  of  three  years  from  the  date 
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of  filing  such  notice  the  proper  officer  of  the  United  States  shall  file  final  plans  of  the  proposed  works 
in  the  office  of  the  State  engineer  for  his  information :  A  nd  provided  further,  That  within  four  years  from 
the  date  of  such  notice  the  United  States  shall  authorize  the  construction  of  such  proposed  work.  No 
adverse  claims  to  the  use  of  the  water  required  in  connection  with  such  plans  shall  be  acquired  under 
the  laws  of  this  State  except  as  for  such  amount  of  said  waters  described  in  such  notice  as  may  be  for- 
mally released  in  writing  by  an  officer  of  the  United  States  thereunto  duly  authorized,  which  release 
shall  also  be  filed  in  the  office  of  the  State  engineer.  In  case  of  failure  of  the  United  States  to  file  such 
plans  or  authorized  construction  of  such  works  within  the  respective  periods  herein  provided,  the 
waters  specified  in  such  notices,  filed  by  the  United  States,  shall  become  subject  to  appropriation  by 
other  parties.  Notice  of  the  withdrawal  herein  mentioned  shall  be  published  by  the  State  engineer  in 
a  newspaper  published  and  of  general  circulation  in  the  stream  system  affected  thereby,  and  a  like 
notice  upon  the  release  of  any  lands  so  withdrawn,  such  notices  to  be  published  for  a  period  not  exceed- 
ing thirty  days. 

Sec.  3.  Adjudication  of  water  rights.— Jn  any  stream  system  where  construction  is  contemplated  by 
the  United  States  under  the  act  of  Congress  approved  June  17, 1902,  and  known  as  the  reclamation  act, 
the  State  engineer  shall  makea  hydrographicsurvey  of  such  stream  system, and  shall  deliver  an  abstract 
thereof,  together  with  an  abstract  cf  all  data  necessary  for  the  determination  of  all  rights  for  the  use 
of  the  waters  of  such  system,  to  the  attorney-general  of  the  State.  The  attorney-general,  together  with 
the  district  attorneys  of  the  district  affected  by  such  stream  system,  shall,  at  the  request  of  the  Sec- 
retary of  the  Interior,  enter  suit  on  behalf  of  the  State  of  Oregon,  in  the  name  of  the  State,  for  the 
determination  of  all  rights  for  the  use  of  such  waters,  and  shall  diligently  prosecute  the  same  to  a 
final  adjudication. 

8bc.  4.  Parties  and  costs  of  8itits.— In  any  suit  wherein  the  State  is  a  party,  for  the  determination  of 
a  right  to  the  use  of  the  waters  of  any  stream  system,  all  who  claim  the  right  to  use  such  waters  shall 
be  made  parties.  When  any  such  suit  has  been  filed  the  court  shall  call  upon  the  State  engineer  to 
make  or  furnish  a  complete  hydrographic  survey  of  such  stream  system  as  hereinbefore  provided,  in 
order  to  obtain  all  data  necessary  to  the  determination  of  the  rights  involved.  The  disbursements 
made  in  litigating  the  rights  involved  in  such  suit  shall  be  taxed  by  the  court  as  in  other  equity  suits. 

Sec.  5.  Decrees  adjudicating  water  rights.— V^n  the  adjudication  of  the  rights  to  the  use  of  the  water 
of  a  stream  system,  a  certified  copy  of  the  decree  shall  be  prepared  by  the  clerk  of  the  court,  without 
charge,  and  filed  in  the  office  of  the  State  engineer.  Such  decree  shall  in  every  case  declare,  as  to  the 
water  right  adjudged  to  each  party,  whether  riparian  or  by  appropriation,  the  extent,  the  priority, 
amount,  purpose,  place  of  use,  and,  as  to  water  ^sed  for  irrigation,  the  specific  tracts  of  land  to  which 
it  shall  be  appurtenant,  together  with  such  other  conditions  as  may  be  necessary  to  define  the  right 
and  its  priority. 

Sec.  6.  Stale  engineer,  appointment,  duties,  qualifications,  and  salary.— \  State  engineer,  technically 
qualified  and  experienced  as  an  hydraulic  engineer,  shall  be  appointed  by  the  governor  upon  the  recom- 
mendation of  the  director  of  the  United  States  Geological  Survey  and  confirmed  by  the  senate.  He 
shall  hold  office  for  the  term  of  four  years  from  and  after  his  appointment,  unless  sooner  removed  by 
the  governor  for  cause,  and  until  his  successor  shall  have  been  elected  and  shall  have  qualified.  He 
shall  have  general  supervision  of  all  the  measurements  and  records  of  appropriation  of  waters  of  the 
State,  and  of  all  surveys  and  engineering  work  in  which  the  State  may  be  interested,  and  for  which 
funds  are  provided,  and  shall  perform  all  work  in  connection  therewith.  He  shall  receive  a  salary  of 
$2,400  per  annum  and  actual  and  necessary  traveling  exi>enses  while  away  from  his  office  in  the  discharge 
of  official  duties,  and  shall  not  engage  in  private  practice.  He  may  employ  assistants  and  purchase 
materials  and  supplies  necessary  for  the  proper  conduct  and  maintenance  of  his  office  and  department, 
in  pursuance  of  appropriations  as  made  from  time  to  time  for  such  purposes.  The  salaries  and  exipenses 
of  the  office  of  the  State  engineer  shall  be  paid  at  the  same  time  and  in  the  same  manner  as  those  of 
other  officers  of  the  State.  The  office  of  the  State  engineer  shall  be  located  at  the  seat  of  government 
in  the  capltol  building.  The  State  engineer  and  his  authorized  assistants  and  agents  may  enter  upon 
any  private  property  for  the  performance  of  their  respective  duties,  doing  no  uimecessary  injury  thereto. 
The  State  engineer  shall  prepare  and  deliver  to  the  governor  on  or  before  November  30  of  the  year  pre- 
ceding the  regular  session  of  the  legislature,  and  at  other  times  when  required  by  the  governor,  a  full 
report  of  the  work  of  his  office,  including  a  detailed  statement  of  the  exi>enditures  thereof,  with  such 
recommendations  for  legislation  as  he  may  deem  advisable. 

Sec.  7.  Oath  and  bond  of  State  engineer.— ^eiore  entering  upon  the  duties  of  his  office  the  State  engi- 
neer shall  give  bond  to  the  State  with  sufficient  sureties  in  the  sum  of  $5,000  for  the  faithful  perform- 
ance of  his  duties,  which  bond  shall  be  approved  by  and  filed  in  the  office  of  the  secretary  of  state, 

together  with  the  following  oath  of  office:  "I, ,  being  duly  sworn,  do  say  that  I  am  the 

duly  appointed  State  engineer  of  the  State  of  Oregon,  and  that  I  will  faithfully  and  honestly  perform 
the  duties  of  such  office,  and  that  1  am  not  directly  or  indirectly,  pecuniarily,  or  otherwise  interested 
with  any  person,  association,  or  corporation  using  or  to  use  any  of  the  waters  of  the  State  for  any  ben- 
efidal  purpose,  in  such  use  thereof,  and  will  not  during  my  term  of  office  become  so  interested  therein 
or  receive  any  pecuniary  aid  or  benefit  therefrom,  and  shall  not  permit  any  assistant  employed  by  me 
to  be  or  become  so  interested  or  receive  any  pecuniary  aid  or  benefit  from  such  person,  association,  or 
corporation  while  so  employed." 

Sec.  8.  Records  of  State  engineer.— The  records  of  the  office  of  the  State  engineer  are  public  records 
and  shall  remain  oq  file  in  his  office  and  be  open  to  the  inspection  of  the  public  at  all  times  during  busi- 
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oes8  hours.    Such  records  shall  show  in  full  all  maps,  profiles,  and  raigineering  data  relating  to  the  use 

of  water,  and  certified  copies  thereof  shall  be  admissible  as  evidence  in  all  cases  where  the  original  would 

be  admissible  as  eridenoe. 
8bc.  0.  Fees  of  State  engineer.— T\x9  State  engineer  shall  receive  the  following  fees,  to  be  collected  in 

advance,  and  to  be  paid  by  him  into  the  general  fund  of  the  State  treasury  on  the  last  day  of  Maidi, 

June,  September,  and  December  of  each  year: 
(a)  For  flUng  and  recording  notice  of  an  appropriation  of  water,  map,  and  l&eld  notes  of  the  same,  $S» 
(6)  For  blueprint  copy  of  any  map,  drawing,  10  cents  per  square  foot  or  fraction  thereof.    For  other 

copies  of  drawings  or  any  data  furnished  upon  application,  actual  cost  of  work. 

(c)  For  certifying  to  such  copies,  II  for  each  certificate. 

(d)  For  such  work  as  may  be  required  of  his  office,  the  fees  provided  by  law. 

Sec.  10.  Hydrographic  and  topographic  survey  and  cooperation  with  the  United  SUUet  G&vemment. — 
The  State  engineer  shall  makehydrographic  and  topographic  surveys  and  investigations  ofjeac^  stream 
system  and  source  of  water  supply  in  the  State,  banning  with  those  most  used,  obtaining  and  record- 
ing all  available  data  pertaining  to  the  water  supply  of  this  State.  He  is  hereby  authorized  to  cooper^ 
ate  with  the  agencies  of  the  United  States  Qovemment  engaged  in  similar  surveys  and  investigations, 
and  In  the  construction  of  works  for  the  development  and  use  of  the  water  supply  of  this  State,  expend- 
ing for  such  purposes  any  money  available  for  the  work  of  his  office. 

For  the  purpose  of  making  hydrographic  and  topographic  surveys,  there  is  hereby  appropriated  out 
of  any  moneys  in  the  treasury  not  otherwise  appropriated  the  sum  of  12,500  annually  for  such  hydro- 
graphic  and  $2,500  annually.for  such  topographic  surveys,  such  appropriations,  however,  being  con- 
tingent upon  the  United  States  Oovemment  making  a  like  apportionment  for  such  purposes  to  be 
expended  within  the  State. 

Sec.  11.  Disposition  of  State  tands.—Uo  lands  belonging  to  the  State,  within  the  areas  to  be  irrigated 
from  work  constructed  or  controlled  by  the  United  States  or  itq.duly  authorired  agents,  shall  hereafto* 
be  sold  except  in  conformity  with  the  classification  of  farm  units  by  the  United  States,  and  the  title  of 
such  land  shall  not  pass  from  the  State  until  the  applicant  therefor  shall  have  fully  complied  with  the 
provisions  of  the  laws  of  the  United  States  and  the  regulations  thereunder  concerning  the  acquisition 
of  the  right  to  use  water  from  such  works,  and  shall  produce  the  evidence  thereof  duly  issued.  After 
the  withdrawal  of  lands  by  the  United  States  for  any  irrigation  project,  no  application  for  the  puixfaaae 
of  State  lands  within  the  limits  of  such  withdrawal  shall  be  accepted,  except  under  the  conditions  pre- 
scribed under  that  section.  Any  State  lands  needed  by  the  United  States  for  irrigation  works  shaU  be 
conveyed  to  the  United  States  without  charge. 

Sec.  12.  Right  of  way  over  State  lands.— There  Is  hereby  granted  over  all  the  unimproved  lands  now 
or  hereafter  belonging  to  the  State  the  necessary  right  of  way  for  ditches,  canals,  and  reservoir  sites 
for  irrigation  purposes  constructed  by  authority  of  the  United  States  or  otherwise.  AH  conveyances 
of  State  land  hereafter  made  shall  contain  a  reservation  of  such  right  of  way  and  reservoir  sites. 

Sec.  13.  Appropriations, — There  is  hereby  appropriated  out  of  the  moneys  in  the  genend  fund  of  the 
State  treasury,  not  otherwise  appropriated,  the  sum  of  15,000  annually,  or  so  much  thereof  as  may  be 
necessary,  for  the  salary  and  expenses  of  the  State  engineer  and  the  services  of  assistants  and  expenses 
of  the  office  and  department  of  the  State  engineer. 

Sec.  14.  But  nothing  in  this  act  shall  be  construed  as  rescinding  the  cession  by  the  State  to  the  United 
States  of  lands  as  provided  in  the  act  known  as  house  bill  No.  1,  passed  by  the  twenty-third  regular 
session  of  the  Oregon  legislature. 

Filed  in  the  office  of  the  secretary  of  state  February  22, 1905. 

As  provided  in  section  6  of  this  act  the  Director  of  the  Geological  Survey  reoommeiKled 
to  the  governor  of  Oregon,  for  appointment  as  State  engineer,  Mr.  John  H.  Lewis,  assistant 
engineer  in  the  Reclamation  Service.  His  appointment  was  made  by  the  governor  on 
May  18. 

Under  the  provisions  of  section  10  of  this  act,  in  addition  to  cooperation  with  the  United 
States  Geological  Survey  in  topographic  and  stream-gaging  work,  the  State  engineer  has 
directed  that  a  part  of  the  hydrographic  work  in  connection  with  the  £ast  Umatilla  project 
be  done  at  the  expense  of  the  State. 
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OPERATIONS  IN  SOUTH  DAKOTA. 

By  C.  H.  FrroH. 
GENBRAIi  STATKMKNT. 

A  reconnaiflsance  of  the  western  part  of  South  Dakota  was  made  during  the  summer  ot 
1903,  looking  toward  the  future  development  of  the  farming  interests  of  this  region  and  the 
reclamation  of  the  vaUey  lands,  which  are  semiarid. 

All  streams  which  gave  any  indication  of  a  water  supply  sufficient  for  reclamation  on  an 
extensive  scale  were  examined  and  gaging  stations  established  thereon,  so  that  a. careful 
study  could  be  made  of  their  run-off  and  of  the  amount  available  over  that  already  appro- 
priated, if  any.  Daily  gage  heights  have  been  since  taken  and  the  results  published  each 
year  in  progress  reports  of  the  hydrographic  branch  of  the  United  States  Geological  Survey. 

A  number  of  possibilities  for  reclamation  were  found  and  reported  on,  but  it  was  thought 
best  to  concentrate  present  work  on  the  most  promising  for  immediate  returns.  The  recla- 
mation of  part  of  the  BeUe  Fourche  Valley  was  selected,  and  detail  surveys  were  begun  in 
the  spring  of  1904  and  construction  in  the  spring  of  the  present  year. 

Other  localities  are  being  watched  and  as  the  money  becomes  available  will  doubtless 
receive  attention.  It  is  probable  that  in  time  the  irrigable  area  of  this  State  may  be 
increased  from  the  20,000  acres  it  has  to-day  to  300,000. 

The  present  year  has  been  one  of  abnoi-mal  rainfall,  and  while  the  moisture  has  been 
sufficient  and  so  distributed  as  to  produce  crops  in  some  parts  of  the  State  without  irrigation, 
it  is  the  first  year  for  some  time  that  this  has  been  the  case.  A  trip  through  the  country 
will  show  an  observer  how  the  application  of  18  inches  of  water  can  change  the  desert  lands 
into  profitable  farms. 

BEIiJLH:  FOURCHE  PROJECT.a 

The  Belle  Fourche  project  contemplates  the  irrigation  of  a  body  of  semiarid  land  adjacent 
to  what  is  universally  known  as  *Hhe  richest  100  square  miles  on  earth" — the  rich  gold- 
mining  region  of  the  Black  Hills,  where  much  of  the  produce  raised  under  the  project  will 
be  consumed.  The  nature  of  the  investigations  leading  up  to  construction  is  fully  explained 
in  the  Third  Annual  Report  of  the  Reclamation  Service,  2d  edition,  pages  477  to  484. 

In  general,  this  work  contemplates  the  diversion  of  the  waters  of  Belle  Fourche  River  at 
a  point  below  the  mouth  of  the  Redwater,  and  the  storage  of  the  same  in  a  large  reservoir 
to  be  formed  by  a  dam  across  Owl  Creek  just  below  the  mouth  of  Dry  Creek,  about  10  miles 
northeast  of  the  town  of  Belle  Fourche,  S.  Dak.  This  reservoir  will  hold  sufficient  water 
for  the  complete  irrigation  of  all  lands  in  the  project.    (PI.  L.) 

Canals  of  sufficient  capacity  to  furnish  water  to  all  the  Government,  State,  and  private 
lands  that  are  now  signed  up  under  them  will  be  constructed  from  the  reservoir  as  far  as 
the  Willow  Creek  divide  on  the  north  side  and  Ninemile  Creek  on  the  south  side  of  Belle 
Fourche  River,  and  from  those  main  canals  laterals  will  load  the  water  down  the  divides  to 
each  farm  unit.  All  lands  will  be  under  the  reservoir  except  the  small  area  under  the  supply 
canalyiduch  will  always  have  a  sufficient  supply  from  the  river. 

a  From  report  by  R.  F.  Walter. 
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SUPPLY  CANAL. 

The  supply  canal  which  will  cany  the  waters  of  the  Belle  Fourche  to  the  reservoir  is 
under  construction.  (PI.  U,  A.)  It  will  be  6)  miles  long  and  40  feet  wide  on  the  bottom 
and  will  cany  a  depth  of  water  of  10  feet,  with  a  grade  of  1  foot  to  the  mile.  The  side  slopes 
are  1  to  1  through  cuts  and  1}  to  1  on  sidehill  work  and  on  banks.  The  banks  are  8  feet 
wide  on  top  and  will  be  3  feet  above  high-water  line  after  settlement.  The  theoretical 
capacity  is  1,635  second-feet.  The  canal  heads  about  l\  miles  below  the  town  of  Belle 
Fourehe  and  enters  the  reservoir  through  a  43-foot  cut  on  the  west  side. 

DIVERSION   DAM   AND  REGULATOR. 

The  grade  of  the  canal  is  8  feet  above  low  water  in  the  Belle  Fourche,  and  the  necessary 
raise  of  the  water  in  the  river  to  this  grade  is  accomplished  by  a  concrete  diversion  dam  in 
the  river,  400  feet  long,  built  in  the  form  of  an  overflow  weir  connected  with  the  regulator 
and  provided  with  sluice  gates  adjacent  to  the  regulator  gates.  Provision  is  made  for  floods 
of  20,000  second-feet  to  pass  over  the  weir  before  the  flood  line  is  reached. 

The  dam  is  of  gravity  section  and  founded  on  a  slate  or  shale  rock,  which  the  borings 
indicate  is  continuous  to  a  great  depth.  A  cofferdam  of  steel  sheet-piling  was  first  driven 
around  the  dam  site  and  a  careful  connection  made  of  the  concrete  weir  into  the  slate.  An 
earthen  wing  dam  was  connected  with  the  overflow  weir  and  extended  across  the  valley, 
opposite  the  canal  heading,  to  cut  off  any  flood  flow  encountered.  This  earth  dike  will  be 
riprapped  with  a  wall  of  18-inch  rock. 

The  regulator  piers  and  walk  are  founded  on  the  slate  and  built  of  concrete.  They  are 
provided  with  seven  5  by  10  foot  iron  gates  regulated  with  ball-bearing  pedestals  on  the 
gate  bridge,  the  sluice  gates  in  the  dam  being  the  same  pattern. 

FLOODED  AREA. 

The  construction  of  the  diversion  dam  in  the  river  will  produce  a  permanent  lake  located 
between  the  dam  and  the  town  of  Belle  Fourche.  The  area  of  this  lake  when  the  canal  is 
running  full  will  be  170  acres,  which  will  decrease  as  the  flow  of  the  river  falls  below  1,635 
second-feet.     No  storage  of  water  in  this  lake  is  contemplated. 

GROW  CREEK  SLUICE   AND  FLOOD  GATES. 

Crow  Creek  is  crossed  about  one-half  mile  below  the  head  of  the  canal,  and  as  it  carries 
during  the  year  a  large  amount  of  unappropriated  water,  which  is  available  for  storage,  it  is 
so  arranged  that  this  water  can  be  taken  into  the  canal.  To  guard  against  floods  in  Crow 
Creek  a  concrete  overflow  weir  180  feet  long  is  constructed  in  the  lower  bank  to  act  auto- 
maticaUy  when  the  canal  is  full.  Three  sluice  gates,  5  by  10  feet  each,  are  placed  below 
the  grade  of  the  canal  and  will  keep  this  section  of  it  free  from  sediment. 

DROP   INTO  RESERVOIR. 

On  accoimt  of  the  danger  from  erosion  by  dropping  1,635  second-feet  of  water  from  the 
supply  canal  into  a  partially  filled  reservoir,  a  semicircular  weir  180  feet  long  is  to  be  con- 
structed at  the  end  of  the  canal,  with  a  maximum  depth  of  water  over  its  crest  of  only  2  feet. 
This  weir  wiU  regulate  the  velocity  in  the  canal  above.    It  is  foimded  on  slate  or  shale  rock. 

OONTRACrrS. 

Bids  were  opened  in  Denver,  Colo.,  April  10,  1905,  for  the  supply  canal  and  appurte- 
nances, the  work  being  divided  into  two  schedules.  No.  1,  for  all  concrete  structures,  was 
awarded  to  S.  R.  H.  Robinson,  of  St.  Louis,  Mo.  Work  on  the  same  has  been  prosecuted 
continuously  since  the  award  and  the  diversion  dam  and  regulator  will  probably  be  com- 
pleted by  winter.  Schedule  No.  2,  for  the  canal  excavation,  was  awarded  to  the  Widell- 
Finley  Company,  of  Chicago,  111.,  who  will  complete  the  same  by  the  summer  of  1906. 
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Bids  received  for  main  supply  canals  BeUe  Fourche  project^  South  Dakota. 
SCHBDULE  No.  1.— DIVERSION  DAM,  REGULATOR,  SLUICE,  AND  DROP,  COMPLETE. 


Bidder. 


8.  R.  H.  Robinson,  St.  Louis,  Mo 

Jas.  Munn  it  Edward  Hanschka,  Dead- 
wood,  8.  Dak 

Carroll  Contracting  Co.,  St.  Louis,  Mo.. 

Henry  Wyttenbach,  Sturgis,  S.  Dak 

Faris-Kesl    Construction    Co.,    Boise, 
Idaho  o , 

Orman  &  Crook,  Pueblo,  Colo , 

WideU-Flnley  Co.,  Mankato,  Minn 

W.  C.  Bradbury,  Denver,  Colo 

Phalen  &  Shirley,  Callahan   Bros.   & 
Katz,  Omaha,  Nebr , 

Bates  &  Rogers  Contracting  Co.,  Chi- 
cago, 111 , 

Deeksdlc  Deeks,  St.  Paul,  Minn , 

Winters,  Parsons  &  Boomer,  Spokane, 
Wash 

Kilpatrick  Bros.  &  Collins  Contracting 
Co.,  Beatrice,  Nebr , 

Burrell  Construction  Co.,  Oakland,  Cal . , 

Keltic  Contracting  Co.,  JoUet,  lU 


Concrete 
(11.000 
cubic 

yards). 


Paving, 

18  inches 

thick 

(6,goo 

square 
yards). 


$4.95 

4.95 
5.50 
5.65 

4.50 
6.25 
6.75 
5.85 

6.50 

7.45 
7.30 

7.50 

8.91 
7.00 
6.50 


12.18 

2.70 
2.00 
1.75 

3.25 
2.50 
2.75 
4.40 

3.50 

2.75 
2.50 

2.70 

3.21 
4.00 
7.00 


square 
yards). 


Cast-iron 
gates, 
grooves 
In  place 
(56,000 

pounds). 


12.50 

2.50 
5.00 
1.28 

2.35 
2.00 
2.95 
3.80 

3.50 

2.00 
2.50 

2.25 

2.97 
3.00 
3.00 


10.05  , 

.05 
.08 
.09 


Pedes- 
tals, 

stems 

and 

screws  in 

place 
(14). 


170.00 

100.00 
150.00 
250.00 


07 

105.00 

09 

75.00 

05 

35.00 

07J 

104.00 

09 

265.00 

09 

75.00 

10 

300.00 

10 

300.00 

07 

109.00 

05 

350.00 

06i 

325.00 

Struc- 
tural 

steel  in 
place 
(46,200 

pounds). 


10.041 

.055 
.075 
.075 

.07 
.06 
.055 
.050 

.08 

.09 
.08 

.08 

.09 
.06 
.10 


Bidder. 


Steel 

sheet 

piling,  22 

leetlong 

(500 

linear 

feet). 


Elxcftva- 
tion 

founda- 
tion 
under 
water 
(3,000 
cubic 

yards). 


Exca- 
vation 
foun- 
dation 
above 
water 
(7,000 
cubic 
yards). 


Native 
lumber 
(70,000 
feet 
B.  M.). 


Drlvinff 
and  pull- 
ing sheet 
piling  5 
feet  deep 

Unear 
feet). 


Total. 


S.  R.  H.  Robinson,  St.  Louis,  Mo 126.00 

Jas.  Munn  6i  Edward  Hanschka,  Dead- 
wood,  S.  Dak 23.00 

Carroll  Contracting  Co.,  St.  Louis,  Mo.. .  1.60 

Henry  Wyttenbach,  Sturgis,  S.  Dak 24.00 

Faris-Kesl    Construction    Co.,    Boise, 

Idahoa 34.65 

Orman  &  Crook,  Pueblo,  Colo 32.00 

WldeU-Flnley  Co.,  Mankato,  Minn 28. 00 

W.  C.  Bradbury,  Denver,  Colo 23.00 

Phaien  &  Shirley,  Callahan  Bros.   & 

Katz,  Omaha,  Nebr 25.30 

Bates  &  Rogers  Contracting  Co.,  Chi- 
cago, in 27. 60 

Deeks  &  Deeks,  St.  Paul,  Minn 52.80 

Winters,  Parsons  &  Boomer,  Spokane, 

Wash 52.80 

Kilpatrick  Bros,  it  Collins  Contracting 

Co.,  Beatrice,  Nebr 26.24 

Burrell  Construction  Co.,  Oakland,  Cal. .  30.00 

Keltic  Contracting  Co.,  Joliet,  111 32. 56 


11.50 

L50 
2.16 
L25 

2.50 
1.00 
L50 
1.75 

1.00 

.75 
2.50 

2.00 

2.00 
3.00 
1.50 


10.30 

.22 
.44 
.50 

.50 
.25 
.35 
.20 

.30 

.60 
.50 

.50 

.25 

2.00 

.60 


118.50 

20.00 
32.00 
22.00 

60.00 
35.00 
30.00 
33.00 

35.00 

40.00 
35.00 

34.00 

25.00 
35.00 
25.00 


10.30 


100,936.50 


L50  I  104.136.36 
LIO  104,845.00 
.60       109.520.00 


4.00 
1.25 
1.00 
4.50 

2.50 

4.80 
.60 

.50 

1.50 
4.00 
1.00 


122,011.50 
122,437.00 
127,293.50 
134,911.80 

136,421.00 

143,873.00 
154,021.00 

156.468.50 

158,345.50 
165,272.00 
165,850.00 


a  If  awarded  this  contract,  will  bid  10.15^  per  cubic  yard  on  class  1,  excavation,  under  schedule  2. 
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SCHKDULK  No.2.-rANAL  EXCAVATIONS  AND  EMBANKMENTS  (INCLUDING  EMBANK- 
MENT AT  DIVERSION  DAM). 


I 


Excavation. 


Bidder. 


Widell-Finley  Co.,  Mankato,  Minn 

Knowlton  6i  Bollen  Construction  Co., 
Fort  Collins,  Colo 

S.  R.  U.  Robinson,  St.  Louis,  Mo 

W.  C.  Bradbury,  Denver,  Colo 

Kllpatrick  Bros.  &  Collins  Construction 
Co  ,  Beatrice,  Nebr 

Henry  Wyttenbach,  Sturgis,  S.  Dak 

Daniel  J.  Burke,  Alliance,  Nebr. 

Orman  &  Crook  Puello,  Colo 

Faris-Kesl    Construction    Co.,    Boise, 
Ida|io« 

James   Mtum    &    Edward    Ilanschka, 
Deadwood,  S.  Dak 

Winters,  Parsons  &  Boomer,  Spokane, 
Wasli 

Fhalen  &  Shirley,  Callahan   Bros.   6c 
Katz,  Omaha,  Nebr 

Deeksdlc  Deeks,  St.  Paul,  Minn 

Carroll  Contracting  Co.,  St.  Louis,  Mo  . 

Bates  &  Rogers  Construction  Co.,  Chi- 
cago, 111 

Keltle  Contracting  Co.,  Joliet,  111 

Burrell  Construction  Co.,  Oakland,  Cal. 


Class  1 
(800,000 
culic     ' 
yards),  i 


Class  2 
(1.000 
cuLIc 

yards). 


Class  3 
(1.000    - 
cubic 

yards). 


Class  4 
(1,000 
cubic 

yards). 


Over- 
haul 

(200,000 
cubic 

yards). 


129 

•0.25 

•0.56 

11.25 

•0,01 

.13! 

.35 

.50 

.95 

.015 

.14 

.38 

.60 

1.00 

.01 

.155 

.40 

.40 

1.20 

.015 

.155 
.16 

.16    ! 
.16 


.17 

.18 

.185 

.19 

.22 
.24 
.36 


.45 

.45 

.32 

.45 

.38 

.39 

.30 

.40 

.85 

.95 

.34 

.45 

.40 

.45 

.35 

.45 

.60 

.75 

.45 

.70 

.50 

.75 

.50 

.75 

.70 

L60 

.85 
.90 
.89 


.02 
.015  I 
.02    I 
.02 


.25 

.015  1 

.90 

.015 

.90 

.015 

.96 

.015 

.25 

.015 

L.50 

.015 

1.00  i 
1.15  \ 
1.70 


.03 
.02 
.04 


Total. 


1107.260 

114,800 
115.980 
129.000 

129,750 
132.670 
133.160 
133,550 

134,060 

140.690 

140,750 

148,750 
153,  COO 
157.650 

184.250 
196.400 
291,900 


a  If  awarded  this  c<«tract,  will  bid  $4.26  per  cubic  yard  on  concrete  under  schedule  L 

CEMENT. 

Bids  were  requested  April  10,  1905,  at  Washington,  D.  C,  for  furnishing  cement  for  the 
diversion  dam,  the  lowest  ($2.15  per  barrel,  deliverd  at  Belle  Fourche)  being  that  of  the 
Western  Portland  Cement  Company,  of  Yankton,  S.  Dak.  The  cement  has  been  carefully 
analyzed  and  tested,  both  by  the  cement  experts  of  the  Reclamation  Service  and  in  the 
field  laboratory  at  Belle  Fourche,  and  has  shown  good  strength  and  quality.  About 
10,000  barrels  are  needed  for  work  let. 

EIGHT  OF  WAY. 

The  right  of  way  has  all  been  secured  for  the  supply  canal,  none  of  it  being  less  than  200 
feet  wide.  The  land  overflowed  by  the  backwater  from  Crow  Creek  sluice  and  the  diversion 
dam  has  all  been  secured,  except  87  acres  above  the  diversion  dam  and  the  relinquishment 
of  damages  caused  by  the  occasional  flooding  of  48  acres. 

The  total  acreage  of  land  secured  for  the  right  of  way  and  flooded  area  is  274.29  acres ; 
160  per  acre  was  paid  for  cultivated  ana  irrigated  lands  and  $30  per  acre  for  pasture  lands, 
the  average  price  being  $40.12.  This  included  all  damages  to  the  remaining  land  of  the 
owners  and  is  in  lieu  of  the  building  of  private  bridges  or  fences. 

BELLE  FOURCHE  RESERVOIR. 


On  account  of  the  small  summer  flow  and  lai^  spring  flow  of  Belle  Fourche  River,  the 
extent  of  reclamation  in  this  valley  must  necessarily  depend  almost  entirely  on  the  available 
storage,  and  to  store  enough  water  at  one  time  for  all  lands  under  the  project  was  the  aim  of 
the  engineers  connected  therewith.    To  accomplish  tliis,  it  was  finally  decided  lo  consiruct  a 
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large  reservoir  on  Owl  and  Dry  creeks,  above  the  irrigable  lands  and  at  a  point  where  water 
could  be  diverted  into  it  from  the  Belle  Fourche  below  Redwater  River.  The  topography 
was  found  to  be  favorable,  showing  that  a  reservoir  covering  nearly  9,000  acres  would  be 
formed  by  a  dam  about  100  feet  hi^  across  the  valley  of  Owl  Creek  below  the  mouth  of  Diy 
Creek.  This  reservoir  will  be  of  sufficient  capacity  to  give  all  the  irrigable  land  under  it  18 
inches  of  stored  water  and  allow  for  25  per  cent  loss  by  seepage  and  evaporation. 

Water  will  be  run  through  the  supply  canal  continuously  throughout  the  year,  except  when 
ice  interferes  during  the  winter  months.  The  supply  will  be  equal  to  or  greater  than  the 
demand  except  during  the  drought  period,  which  comes  from  July  15  to  September  15  in 
most  years.  About  80  per  cent  of  the  land  submerged  by  the  reservoir  is  Government  land, 
the  balance  being  purchased  at  $10  per  acre. 

CAPAcmr. 
Capacity  ofBeUe  Fourche  reservoir. 


Contour. 

Area. 

Capacity 
of  section. 

Total 
capacity. 

Acret. 

Acre-feet. 

Acre-feet. 

2,920 

■    583 

2,025 

875 

3,644 

3,644 

2,930 

1,240 

6,287 

8,931 

2,935 

1,640 

7,199 

16,130 

2,940 

2,084 

9,309 

25,439 

2,945 

3,031 

12,786 

38,225 

2,950 

3,852 

17,207 

56,432 

2,955 

4,640 

21,232 

76,664 

2,960 

5,573 

25,535 

102,199 

2,965 

6,349 

29,806 

132,005 

2,970 

7,174 

33,806 

165,811 

2,970 

8,010 

37,959 

203,770 

2,965 

8,888 

42,246 

246,016 

The  board  of  consulting  engineers  met  at  Belle  Fourche,  S.  Dak.,  June  26,  and  again  at 
Denver,  Colo.,  July  13,  and  approved  the  plans  and  specifications  for  the  construction  of  the 
large  earthen  dam  and  appurtenances  and  about  17  miles  of  distributing  canals. 

The  dam  will  be  6,500  feet  long  and  20  feet  wide  on  top.  The  maximum  height  above  the 
bed  of  Owl  Creek  will  be  1 15  feet;  the  inside  slope  2  to  1 ,  protected  from  wash  and  ice  action 
by  2  feet  of  screened  gravel,  rolled  into  place  on  the  slope,  on  which  will  be  placed  concrete 
blocks  6  by  4  feet  and  8  inches  thick.  These  will  be  laid  with  open  joints,  the  gravel 
layers  acting  as  a  drain  under  the  blocks.  The  outer  slope  will  be  2  to  1  and  will  be  provided 
with  concrete  gutters  for  disposing  of  the  rainfall.  To  prevent  erosion,  the  slope  will  be 
fertilized  and  seeded  with  grass.  The  dam  will  be  constructed  in  layers,  each  of  which  will 
be  sprinkled  and  rolled  with  steam  rollers  to  a  great  density.  The  material  of  which  it  will 
be  built  is  heavy  clay  and  gumbo,  which  weighs  in  some  places  120  pounds  per  cubic  foot. 
(See  Pis.  LV  and  LVI.) 

The  reservoir  will  be  provided  with  two  outlet  conduits,  surmounted  with  towers  and  gate- 
houses, of  concrete  and  steel.  These  will  deliver  the  water  into  the  north  and  south  canals 
for  distribution. 

The  wasteway  will  consist  of  a  semicircular  concrete  weir  at  the  high-water  line  beyond 
the  north  end  of  the  dam;  this  will  deliver  any  flood  waters  coming  down  Owl  Creek  when 
the  reservoir  is  full  into  a  channel  in  a  branch  of  Owl  Creek  below  the  dam.  Drops  wiU  be 
constructed  to  prevent  erosion  of  the  waste  channel  between  the  reservoir  and  the  creek. 

Bids  for  the  construction  of  the  dam  were  opened  October  26,  and  an  abstract  of  those 
received  is  given  below: 
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LAND  FLOODED. 

Of  the  total  area  of  the  flooded  land  in  the  reeervoir  640  acres  are  owned  by  the  State 
of  South  Dakota,  and  by  the  constitution  of  the  State  can  not  be  sold  for  less  than  $10 
per  acre,  but  will  be  secured  at  the  minimum  price;  960  acres  are  in  private  ownership, 
and  most  of  this  Jias  been  purchased  or  arranged  for  at  a  mairimum  cost  of  $10  per  acre. 
The  balance,  about  7,200  acres,  is  Government  land,  and  though  there  are  a  few  fiHn^B 
pending  on  this  area  no  homes  are  flooded  out  nor  improvements  damaged.  There  are 
several  desert  fiUngs  in  this  area,  but  no  reclaimed  lands. 

R0BIN08  AND  TB8T  PTIS. 

A  number  of  open  borrow  pits  were  sunk  to  bed  rock  under  the  proposed  dam,  and  it  was 
found  that  the  distance  to  shale  under  the  body  of  the  dam  was  40  feet.  No  continuous 
gravel  or  water-bearing  strata  were  encountered,  and  the  base  under  the  dam  will  there- 
fore be  impervious.  All  borrow  pits  at  which  earth  or  gravel  is  to  be  obtained  were  care- 
fully investigated  by  open  test  wells  and  borings. 

An  examination  and  analysis  of  the  earth  to  be  used  in  the  dam  was  made  by  Thomas  H. 
Means,  and  his  report  showed  only  a  small  amount  of  soluble  matter  in  the  material  from 
most  of  the  borrow  pits,  but  in  two  pits  there  was  a  large  percentage  of  gypsum,  and  this 
material  will  not  be  used. 

DISTRIBUTING  SYSTEM. 

The  distributing  system  begins  at  the  reservoir,  as  large  bodies  of  irrigable  land  are  located 
adjacent  to  the  reservoir  and  extend  to  the  east  and  southeast  continuously  for  25  miles. 
The  north  canal  will  irrigate  lands  north  of  the  river  and  east  of  Owl  Creek,  and  the  south 
canal  lands  south  of  the  river  and  between  Owl  Creek  and  the  river  on  the  north  aide. 

NORTH  OANAL. 

The  total  amount  of  irrigable  land  under  the  north  canal  is  66,857  acres,  of  which  3,450 
acres  are  subject  to  overflow  from  the  creeks  and  river  during  spring  floods.  The  canal 
is  about  45  miles  long  and  will  be  30  feet  wide  on  bottom  and  carry  water  7  feet  deep  above 
the  first  lateral,  decreasing  in  size  as  water  is  drawn  out.  There  will  be  ei^t  main  laterab 
from  the  canal  to  irrigate  lands  located  some  distance  from  the  canal  line,  besides  the  farm 
laterals  to  adjacent  lands.  Indian  and  Horse  creekis  will  be  crossed  by  concrete  steel 
siphons. 

Bids  for  the  construction  of  the  first  division  of  this  canal,  which  will  carry  the  water  to 
Indian  Creek  and  irrigate  ail  the  land  on  the  flats  south  of  the  creek,  were  opened  October 
26,  1905,  as  follows: 
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SOUTH   CANAL. 

The  south  canal  will  water  28,240  acres  of  land,  7,505  acres  of  which  are  located  between 
the  reservoir  and  the  river,  the  balance  being  on  the  south  side  of  the  river.  The  first  sec- 
tion of  the  canal  will  be  18  feet  wide  on  the  bottom  and  carry  5  feet  depth  of  water.  No 
large  laterals  will  be  needed,  as  the  land  adjacent  to  the  canal  is  nearly  all  irrigable  direct 
from  farm  laterals.    The  amount  of  excavation  is  about  1,180,000  cubic  yards. 

Reenforced  concrete  conduits  will  be  constructed  across  Belle  Fourche  River  and  White- 
wood  Creek.  One  tunnel  1,400  feet  long  will  be  necessary  on  account  of  high  cut  banks 
along  the  south  side  of  the  river  below  the  crossing. 

Bids  were  opened  October  26  for  the  first  section  of  this,  canal — that  between  the  reser^ 
voir  and  the  river.    An  abstract  of  the  bids  is  given  below: 
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LATERAL  SYSTEM. 

Laterals  will  be  constructed  from  the  main  canals  to  each  farm  entry.  An  accurate 
estimate  of  cost  can  not  be  made  until  they  are  located  on  the  ground. 

Lateral  No.  1  will  water  land  located  south  of  the  reservoir  and  above  its  outlet  canals, 
and  will  head  from  the  supply  canal  just  before  it  enters  the  reservoir.  The  area  under 
this  lateral  is  2,953  acres.     It  is  known  as  the  Johnston  lateral. 

Lateral  No.  2  will  water  land  located  on  the  divide  between  Horse  Creek,  below  the 
mouth  of  Indian-Creek,  and  the  river.  It  will  serve  8,146  acres.  It  is  known  as  the  Wilson 
lateral.    * 

Lateral  No.  3  will  water  land  located  on  the  east  side  of  the  divide  between  Horse  Creek 
and  Dry  Creek  and  will  serve  9,011  acres.    This  is  known  as  the  Town  lateral. 

Lateral  No.  4  will  water  land  on  the  west  side  of  the  same  divide  along  Horse  Creek, 
amounting  to  1,996  acres. 

Lateral  No.  5  will  serve  9,832  acres  between  Dry  Creek  and  Deer  Creek.  Being  on  the 
divide  it  will  irrigate  both  ways. 

Lateral  No.  6  will  water  land  between  Deer  Creek  and  the  high  divide  near  Willow  Creek, 
serving  2,669  acres. 

Lateral  No.  7  will  serve  448  acres  located  between'  the  canal  line  and  Deer  Creek.  This 
is  a  short  lateral. 

Lateral  No.  8  will  water  1,366  acres  of  land  along  Willow  Creek  above  Willow  Creek 
Pass. 

Lateral  No.  9  will  crcSss  Willow  Creek  at  the  pass  through  a  siphon  and  will  serve  6,134 
acres  on  the  east  sid6  of  Willow  Creek,  below  the  pass. 

The  above  laterals  will  require  the  excavation  of  ^00,000  cubic  yards  of  earth  and  the 
construction  of  about  2  miles  of  siphons  of  various  sizes  and  of  numerous  lateral  gates  and 
measuring  weirs.  They  will  carry  water  to  all  the  lands  under  the  north  canal,  except  those 
directly  adjacent  to  the  main  canal  Unes,  and  will  deliver  the  water  to  sublaterals  running 
to  the  farm  entries.  Laterals  and  sublaterals  will  be  provided  with  conduits  of  sewer  pipe 
fitted  with  regulating  gates  of  iron  and  concrete  weirs  for  the  measurement  of  water,  so 
that  each  farm  entry  can  get  its  proportionate  amount,  according  to  the  acreage  under  it. 

TELEPHONE  SYSTEM. 

In  the  operation  of  a  large  irrigation  system  quick  intercommunication  is  necessaiy  for 
all  parts  of  the  work.  Each  ditch  rider  on  each  section  of  canal  or  lateral  must  receive  his 
instructions  daily  and  must  also  be  able  to  report  daily  to  the  superintendent  the  amount  of 
water  he  needs  for  the  coming  day,  also  any  breaks  in  the  canals  or  damages  from  storm. 
For  this  work  a  telephone  system  is  essential  throughout  the  district,  and  as  it  is  also  very 
convenient  during  construction  work  it  was  decided  to  build  a  permanent  line  at  the  start, 
connecting  the  head  of  the  canal  and  the  reservoir  with  the  town  of  Belle  Fourche,  this  line 
to  be  afterwards  extended  along  the  distributing  canals  as  needed.  The  line  built  is  16 
miles  long,  of  double-circuit  copper  wire,  with  long-distance  telephones. 

Bids  for  its  construction  were  opened  June  26,  the  contract  was  awarded  July  20,  and 
the  line  was  completed  September  12.    A  summary  of  the  bids  follows: 

Bids  received  for  telephone  system  ^  Belle  Fourche  project,  South  Dakota. 


Bidder. 


Cost  per 
mile. 


W.  H.  Crumb  &  Co.,  Chicago.  Ill «264.50 

Henry  Wlttenbach,  Sturgis.  S.  Dak 303. 60  j 

Robert  W.Day,  Rapid  City,  S.  Dak 300.00  | 

John  Musselman,  Deadwood.  S.  Dak.6 349. 00  ■ 


Cost  ol 
instni- 
ments. 


alSO.OO 
105.00 
400.00 
126.00 


Total  esti- 
mated cost. 


Time  of  com- 
pletion. 


14,152.00  August  15. 

4,962.60  Sixty  days. 

5,200.00  Forty  days. 

5.710.00  Septemberl. 


a  $380  if  not  awarded  section  1. 

h  Specifications  not  attached  to  bid. 
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IRRIGABLE  LANDS. 

The  irrigable  lands  under  the  project  were  mapped  during  the  summer  of  1904,  and  a 
complete  irrigation  and  topographic  map  has  "since  been  prepared,  showing  the  lands, 
together  with  the  reservoir,  main  canals,  and  main  laterals,  on  a  scale  of  2  inches  to  the 
mile,  with  10-foot  contours.  The  plane-table  mapping  was  on  a  scale  of  1,000  feet  to  the 
inch,  with  5-foot  contours. 

The  Unds  are  located  in  Tps.  7, 8,Q,  and  10  N.,  Rs.  3, 4, 5, 6,  and  7  E.,  Black  Hills  meridian, 
in  Butte  and  Meade  counties,  S.  Dak.  They  include  the  valleys  of  Owl,  Indian  Horse, 
Dry,  and  Willow  creeks  on  the  north  side  of  the  river  and  the  lower  valleys  of  Whitewood 
and  Ninemile  creeks  on  the  south  side.  Some  of  the  land  along  these  creek  bottoms  is 
overflowed  during  the  spring  floods,  and  in  years  when  the  floods  occur  at  the  proper  time 
the  land  prdduces  an  abundance  of  hay,  known  throughout  this  locality  as  Indian  Creek 
hay,  which  sells  at  a  high  price. 

CLASSIFICATION   AND  SOIL. 

The  land  has  been  divided  for  convenience  into  four  classes.  The  first  class  is  first-class 
irrigable  land  in  eveiy  respect,  having  a  slope  of  less  than  5  per  cent.  The  second  class  is 
land  overflowed  occasionally  by  creeks  or  river,  and,  if  cleared,  produces  good  crops  of  hay 
in  most  years  without  irrigation.  The  third  class  is  land  that  has  a  slope  of  between  5  and 
10  per  cent,  and  is  therefore  not  as  desirable  as  the  first  class,  or  it  is  land  that  would 
require  a  more  expensive  sublatdral  system,  laige  dikes,  flumes,  or  siphons  to  get  water  to 
it.  It  will  in  time  be  irrigated,  but  not  until  after  all  the  first-class  land  is  taken  and  the 
country  further  developed.  The  fourth-class  land  is  nonirrigable,  on  account  of  being  too 
high,  too  rough,  or  in  creek  or  river  beds. 

The  soil  is  free  from  gravel  or  rocks  and  is  all  good.  The  north  side,  being  clay  soil,  will 
be  more  difficult  to  subdue,  but  after  it  is  in  cultivation  a  few  years  will  be  the  best  producer. 
The  south-side  soil  is  generally  a  sandy  loam  and  easy  to  work,  but  will  require  more  water 
than  the  clay  soil.  Great  care  will  have  to  be  taken  by  the  farmers  to  avoid  using  an  excess 
of  water  on  the  land. 

Very  little  alkali  is  found  on  the  surface,  and  there  is  no  indication  whatever  of  black 
alkali.    Soluble  salts  form  an  extremely  low  percentage  of  all  soils. 

Drainage  ditches  will  be  needed  for  part  of  Indian  Creek  flat,  where  the  surface  slope  is 
extremely  slight  and  there  is  no  subdrainage. 
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Location  and  dassijieation  of  irrigable  lands  under  BeOe  Fourche  projedj  South  Dakota. 


Location. 


T.7N.,  R.5E. 
T.7N.,  R.6E. 
T.7N.,  R.7E. 
T.8N.,  R.3E. 
T.8N.,  R.4E. 
T.8N.,  R.5E. 
T.8N.,  R.6E. 
T.8N.,  R.7E. 
T.9N.,  R.2E. 
T.9N.,  R.3E. 
T.9N.,  R.  4E. 
T.9N.,  R.5E. 
T.  9N.,  R.6E. 
T.9N.,  R.7E. 
T.  10  N.,  R.  3  E 
T.  10  N.,  R.  4  E 
t.  10  N.,  R.  5  E 
T.  10  N.,  R.  6  E 

ToUl 


CUsstflcation. 


First  claas.   Overflow.  Third  daas. 


Acres. 

857.0 

772.0 

3,383.0 

723.0 

2,906.5 

8,442.0 

14,267.5 

10,462.0 

50.0 

827.5 

11,953.0 

8,383.0 

14,109.0 

3,146.0 

556.5 

5,068.5 

669.5 

246.0 


86,772.0 


Acres. 


127.5 
502^ 
350.5 


483.0 
1,248.5 

88.0 
412.0 

60.0 
240.5 


22.0 


3,642.5 


Acres. 


8.0 
167.5 
32.0 
26a0 
176.5 
1,491.0 
1,134.5 


30.6 

443.5 

813.5 

2,260.5 

374.0 

329.5 

267.0 

23.0 

16.0 


7,8 


Grand  total,  98,235  acres. 


CROPS. 


Hay,  both  native  and  alfalfa,  will  always  be  the  staple  crop,  as  the  demand  for  winter  feed 
for  the  thousands  of  head  of  cattle  which  graze  the  prairies  during  the  summer  north  and 
east  for  a  hundred  miles  from  this  location  is  becoming  greater  erery  year,  the  town  of 
Belle  Fourche  being  one  of  the  greatest  beef-cattle  shipping  points  in  the  United  States. 
There  are  indications  that  this  area  will  also  be  used  considerably  for  producing  beet  sugar, 
as  manufacturers  have  looked  over  the  land  and  signified  their  intention  of  locating  fac- 
tories as  soon  as  needed.  Small  grains,  potatoes,  and  hardy  fruits  will  also  be  profitably 
raised. 

OWNBRSHIP. 

Ownership  of  irrigable  lands  at  segregation,  Belle  Fourche  project.  South  Dakota. 


Ownership. 

First 
class. 

Second 
class. 

Third 
daaa. 

Qovemment 

Acres. 
37,873.5 

4,425.0 
36,024.0 

8,449.5 

Acres. 

172.5 

263.5 

2,901.0 

305.5 

Acres. 
4,804.0 

State 

507.0 

Private 

1,568.5 

Title  T)en<11nff 

851.5 

Total 

86,772.0 

3,642.5 

7,821.0 

Grand  total,  98,235  acres. 

Land  headed  'Hi tie  pending''  is  that  held  in  desert  or  homestead  entries  at  the  time  of 
segregation,  and  much  of  it  has  been  abandoned  and  recommended  for  cancellation,  but 
no  final  action  has  yet  been  taken  by  the  General  Land  Office. 
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Of  the  land  in  private  holdings,  with  the  exception  of  7,941  acres  most  of  which  are 
owned  in  tracts  of  over  160  acres  by  individuals  who  refuse  to  sell  it  in  small  holdings  at 
this  time,  all  is  signed  for  water,  and  the  owners  thereof  have  become  members  of  the  Belle 
Fourche  Valley  Water  Users'  Association. 

State  lands  will  be  sold  in  farm  units  of  80  acres  of  irrigable  land  at  from  $10  per  acre  up. 

Land  hdd  in  private  ownership  not  signed  up  ai  dose  of  books  of  the  association. 

Acres. 

First  class 6,534 

Second  class 803 

Third  class 604 

Total 7,941 

Lojid  in  which  tide  is  pending,  not  signed  up. 

Land  held  in  desert  entries,  none  of  which  has  been  reclaimed,  and  in  homestead  entries, 
most  of  which  has  been  reported  for  cancellation,  is  as  follows: 

Acres. 

First  class 3,956 

Second  class 92 

Third  class 401 

Total 4,449 

FABM  UNITS. 

The  farm  unit  on  Government  and  State  land  will  be  80  acres  of  irrigable  land,  except 
within  2  miles  of  town  sites,  where  the  limit  is  reduced  to  40  acres.  The  farm-unit  maps 
will  be  filed  with  the  United  States  land  office  during  the  coming  winter.  Farm  units 
on  private  lands  can  not  exceed  160  acres  of  irrigated  land. 

BUILDINGS  AND  QUARTERS. 

An  office  building  containing  eight  rooms,  bathroom,  cellar,  etc.,  was  constructed  at 
the  head  of  the  inlet  canal,  about  1}  miles  from  Belle  Fourche,  S.  Dak.  This  building 
can  be  used  as  a  residence  for  the  gate  keeper  or  superintendent  after  the  construction 
is  completed.  It  cost  complete  $2,559.02,  and  is  used  as  State  headquarters  for  all  recla- 
mation work  in  South  Dakota.  Temporary  quarters,  consisting  of  sleeping  houses, 
kitchen,  and  dining  room  for  men,  and  small  bam  for  teams,  were  constructed  near  the 
work  on  the  inlet  canal,  at  a  cost  of  $1,117.16.  An  artesian  well  627  feet  deep  and  piped 
with  2-inch  pipe  was  drilled  at  the  office  building  to  furnish  water  to  workmen  and  con- 
tractors. The  cost  of  this  well  was  $605.32.  An  abundant  flow  was  obtained,  which  is 
available  for  contractors'  and  neighborhood  use. 

Engineers'  quarters,  consisting  of  two  sleeping  houses,  a  cook  house  and  dining  room 
and  a  bam,  were  also  constructed  at  the  location  of  the  Belle  Fourche  reservoir  dam,  12 
miles  northeast  of  the  town  of  Belle  Fourche,  at  a  cost  of  $2,001.25.  A  house  for  the  use 
of  the  resident  engineer,  to  cost  $1,000,  and  a  small  office  building,  to  cost  $800,  are  about 
completed.  As  there  was  no  fit  water  for  domestic  use  near  this  locality,  it  was  necessary 
to  sink  an  artesian  well.  The  distance  to  water  was  1,390  feet,  and  the  well  was  piped 
with  2  and  3  inch  pipe.  It  flows  a  small  stream  (about  1 ,500  gallons  a  day)  of  good  water 
continuously.  The  cost  was  $1,785.27.  This  water  is  piped  to  all  the  houses  of  the 
Reclamation  Service  here. 
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WATER  SUPPLY. 


Belle  Fourche  River  collects  water  from  a  drainage  area  of  4,300  square  mUes  in  western 
South  Dakota  and  eastern  Wyoming.  During  1005  the  rainfall  has  been  far  above 
normal  at  the  project  location,  but  was  not  so  great  on  the  upper  drainage  area  of  the  river. 
The  river  did  not  have  any  large  floods  during  the  year,  but  ran  a  steady  stream  through- 
out the  season. 

The  small  creeks,  such  as  Crow,  Owl,  and  Indian,  carried  considerable  water  which  would 
have  been  available  for  storage,  as  they  were  in  flood  at  numerous  times  when  the  river 
was  flowing  less  than  the  canal  capacity.  These  are  not  taken  into  account,  but  will  go 
far  toward  making  up  for  evaporation. 


MorUhly  rainfall  at  Belle  Fourche,  S.  Dak. 


May. 


1904. 


Incket, 
L94 

June 4.68 

July I       .42 

August 2.32 

September !       .23 


1905. 


Inches. 
6l42 
4.16 
&51 
2.06 
.97 


Annual  rainfall  of  Black  HilU. 
[By  United  States  Weather  Bureau.] 


Year. 

Rapid. 

Fort 
Meade. 

Farm- 
ingdale. 

Ash- 
croft. 

Oelrlchs. 

Spear- 
flsh. 

Silver 
City. 

1881 

Inches. 

Inches. 
15.06 
19.32 
27.05 
22.97 
13.25 

ia5i 

18.93 
2a  00 
l&OO 
1&23 
21.79 
24.00 
19.12 
1&78 

Inches. 

Inches. 

Inches. 

Inches. 

Indus. 

1882 

1883 

1884 

"1 

1885 

I. 

1886 

1887 

• 

1888 

22.11 
17.98 
13.01 
16.87 
19.63 
9.58 
14.04 
16.39 
14.76 
13.36 
10.97 
15.64 
14.66 
22.59 
1&51 
21.28 
16.40 

1 

1880 

21.87 
20.73 
2&32 
26.82 
22.86 
28L69 

1800 

1891 

22.05 
3a88 
16.82 
19.31 

1892 

1893 

ia64 
15.12 

iai7 

19.46 
10.50 
15.24 
14.41 
12.92 
10.39 
16.00 
12.21 
ia42 

1894 

1895 

10.82 

22.80 

1806 

17.61 
16.62 
2a  15 
20.37 
ia92 
2a  28 
22.19 
2a  89 
ia97 

17.57 

1807 

ia92 
11.89 
17.54 
17.73 
19.14 

1  98 '. 

10.31 
15.54 
12.83 

1899 

20.65 
12.93 
24  34 
19.79 
18.57 
12.28 

2a  11 

1900 

1901 

19.85 
17  20 

1902 

14.75 
17.12 
16.22 

1903 

29.41 
24.40 

27.01 

1904 

Normal 

16.34 

19.38 

ia94 

ia62 

19.83 

22.02 

22.05 
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RUN-OFF  OF  BELLE  FOURCHE   RIVER. 

The  following  tables  give  the  estimated  flow  of  Belle  Fourche  River  at  the  diversion  dam 
for  1903,  1904,  and  1905.  These  estimates  have  been  obtained  by  adding  the  mean 
monthly  discharge  of  Redwater  River  at  Belle  Fourche  to  that  of  Belle  Fourche  River 
at  Belle  Fourche.  These  two  stations  are  just  above  the  confluence  of  the  two  streams, 
and  about  1}  miles  above  the  diversion  dam. 

Estimaied  monthly  discharge  ofBeUe  F&urehe  River  at  diversion  dam. 
[Drainage  area,  4,265  square  miles.] 


Month. 


1903. 


Jane 

July 

August 

September. 
October — 


Discharge  in  second-feet. 


Maximum. 


Period. 


1904. 


March  10-31. 

April 

May 

June 

July 

August 

September. . 

October 

November. . . 
December... 


Period. 

March  5-31... 

April 

May 

June 

July 

August 

September... 


1905. 


Period. 


1,086 

4,218 

4,755 

201 


<,766 


2,082 
705 

1,903 

13,814 

671 

258 

376 

1,250 
314 
432 


13,814 


585 
324 
1,585 
1,303 
2,510 
3,220 
290 

3,220 


Minimum. 


70 
148 
177 
166 


70 


Mean. 


184 
201 
913 
915 
177 


478 


419 


410 
140 
85 
217 
245 
272 
279 


85 


1,070 
521 
532 

2,667 
338 
126 
248 
346 
204 
329 


647 


247 
265 
250 
261 
424 
233 
225 

225 


318 
288 
762 
603 
1,044 
789 
255 


Total  in 
acre- 
feet. 


10,955 
12,343 
56,016 
54,363 
10,870 


144,547 


46,601 
30,057 
32,684 
158,432 
20,770 
7,740 
14,717 
21,280 
17,490 
20,230 


370,901 


Run-off. 


Second- 
feet  per 
square 
mile. 


17,030 
17,140 
46,850 

35,  ate 

64,200 
48,510 
15,170 

244,770 


0.043 
.047 
.214 
.215 
.042 


.112 


.251 
.122 
.125 
.625 
.079 
.030 
.058 
.081 
.069 
.077 


.152 


.075 
.068 
.179 
.141 
.245 
.185 
.060  . 

.138  I 


Depth 

In 
inches. 


0.048 
.054 
.247 
.240 
.048 


.637 


.205 
.136 
.144 
.897 
.091 
.035 
.065 
.003 
.077 


1.632 


.076 
.076 
.206 
.167 
.282 
.213 
.067 

1.076 
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Estimated  amouni  ofvoaUr  that  oofM  have  been  aiaredfrom  BeUe  Faur^  River  by  aytlem  at 

planned. 


Month. 


V  1903. 

Jane 

July 

Aogust 

September 

October 

Period 

1904. 

liftreh  10-31 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Period 

190K. 

March  5-^ 

April 

May 

June 

July 

August 

September 

Period 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean. 


1,086 

1,636 

1,686 

201 


1,636 


1,635 
705 

1,635 

1,635 
671 
258 
376 

1,259 
314 
432 


1,635 


324 
1,585 
1,303 
1,635 
1,636 

290 


1,635 


70 
148 
177 
166 


70 


184 
201 
667 
704 
177 


419 
334 
238 
410 
140 
85 
217 
245 
272 
270 


965 
521 
521 
1,235 
338 
126 
248 
346 
294 
320 


85 


247 
265 


261 
424 


225 


225 


494 


318 
288 

762 
603 
980 
700 
255 


568 


Total  ia 
acre- 
feet. 


10,936 
12,343 
40,301 
41,833 
10,87D 


116,2 


43,117 
30,957 
32,^ 
73,373 
20,770 
7,740 
14.717 
21,280 
17,490 
20,230 


281,700 


17,030 

17,140 
46,860 
35,880 
60,200 
43,040 
15,170 


235,400 


WATER  USEES'  ASSOCIATION. 

An  associatioii  of  owners  of  private  lands  under  the  project  was  organized  in  June,  1904, 
and  incorporated  under  the  laws  of  the  State  of  South  Dakota.  It  is  known  as  the  BeUe 
Fourche  Valley  Water  Users'  Association,  and  represents  nearly  all  the  private  landowners 
in  the  district.  Tlie  following  officers  were  elected  in  November,  1904,  and  served  during 
the  present  year:  President,  Walter  Hamilton;  vice-president,  Geoige  Maass;  secretaiy, 
W.  A.  McBiichael;  tieasurwr,  W.  B.  Penfold;  attorney,  Wesley  Stuart.  Directors,  Walter 
Hamilton,  C.  P.  Greenley,  A.  Giles,  Peter  Edwards,  George  Maass,  John  P.  Wilson,  F.  A. 
GaskiU,  Nib  Sorensen,  and  John  Glover. 

TOWN  SITE. 

Tlie  S.  i  sec.  20  and  the  N.  i  sec.  29,  T.  9  N.,  R.  6  E.,  have  been  reserved  for  a  town 
site,  as  it  is  thought  this  will  be  the  center  of  a  large  farming  community  after  the  system 
is  in  operation.  The  lots  will  be  appraised  and  sold  at  public  auction.  Tlie  site  will  be 
surveyed  and  town  lots  plotted  and  thrown  open  for  sale  during  the  summer  of  1906.  It 
is  expected  that  the  proceeds  of  the  sale  of  these  lots  will  be  available  for  municipal  improve- 
ments, schoolhouses,  parks,  streets,  etc. 
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The  NE.  }  sec.  24,  T.  9  N.,  R.  5  E.,  has  been  selected  by  the  United  States  Department 
of  Agriculture  for  a  demonstration  farm,  on  which  experiments  will  be  conducted  by  the 
most  approved  methods. 

This  farm  will  be  but  2  miles  from  the  Qovemment  town  site  and  will  prove  a  valuable 
educator  for  those  farmera  who  are  not  experienced  in  irrigation  farming. 

WATER  RIGHT  FOR  PROJECT. 

There  are  at  this  time  below  the  head  of  the  supply  canal  no  canals  or  power  plants  which 
use  the  water  of  Belle  Fourche  River.  Hence  the  Belle  Fourche  project  is  entitled  to  any 
and  all  water  in  the  river  at  the  head  of  the  supply  canal,  both  for  direct  irrigation  and  for 
storage,  apd  the  same  has  been  appropriated  for  its  use.  There  is  considerable  irrigation 
done  along  Redwater  River  and  Spearfish  Creek,  which  flow  into  the  Belle  Fourche  above 
the  head  of  the  project,  but  no  extension  of  this  present  use  can  be  made  to  the  detriment 
of  the  project,  and  therefore  the  total  estimated  present  flow  is  available  for  irrigation  and 
storage. 

EXPENDITURES. 

The  expenditures  on  the  BeUe  Fourche  project  to  September  30,  1005,  were. as  follows: 

Expenditures  on  BeUe  Fourcke  project  to  September  SO,  1906. 

Diversion  dam,  construction,  S.  R.  H.  Robinson $17, 010. 38 

Main  canal,  excavation,  Widell-Finley 20, 822.  85 

Buildings,  force  account 8, 000. 00 

Rights  of  way 4,000.00 

Preliminary  examination 11, 000. 00 

Surveys 30,000.00 

Engineering  and  supervision 14, 000. 00 

Administration 1?,  099. 66 

Total 117,932.89 

CHEYENNE  RIVER  RECONNAISSANCE. 

At  the  request,  made  during  the  summer  of  1904,  of  citizens  living  on  W.  G.  flats  south- 
east of  Hot  Springs,  S.  Dak.,  a  reconnaissance  was  made  of  the  upper  waters  of  Cheyenne 
River  and  its  branches  for  possible  reservoir  sites.  None  were  found  on  the  main  river 
that  could  be  constructed  at  a  cost  permissiblo  by  the  amount  of  land  to  be  reclaimed. 
Possible  sites  were  located  on  Hat  Creek  and  Beaver  Creek,  but  as  nothing  was  known  of 
the  flow  of  these  creeks,  gaging  stations  were  established,  so  that  a  careful  study  of  the 
water  supply  of  each  could  be  made. 

Cheyenne  River  is  torrential,  but  is  generally  dry  at  the  time  it  is  needed  for  irrigation, 
rendering  storage  necessary.  The  report  of  the  available  water  supply  in  branches  where 
storage  can  be  obtained  wiU  be  published  in  the  progress  report  of  stream  measurements  of 
the  Geological  Survey  for  1905.  About  40,000  acres  of  first-class  land  are  situated  along 
the  Cheyenne,  but  even  if  the  water  supply  proves  satisfactory  the  cost  of  reclamation 
wbuld  be  high  on  account  of  the  land  being  so  scattered  and  requiring  long  and  expensive 
canals.    The  land  is  mostly  in  private  ownership. 

lilTTIiE  MISSOURI  RIVER  RECONNAISSANCE. 

During  the  summer  of  1904  a  possible  storage  system  by  which  the  flood  waters  of  Little 
Missouri  River  could  be  utilized  for  irrigation  was  surveyed  near  Alzada,  Mont. 

Gaging  stations  were  established  on  the  river  near  the  reservoir  site  and  at  Camp  Crook, 
S.  Dak.,  near  the  irrigable  land,  and  a  careful  record  of  the  available  flow  was  kept  daily. 
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The  land  is  mostly  owned  by  the  Government,  and  possibly  40,000  acres  may  be  reclaimed 
as  railroad  facilities  come  within  reach  of  this  territory.  » 

STREAM  MKA8UBBMENT8. 

A  careful  record  is  being  made  of  the  run-off  of  White  River  south  of  the  hills  and  Owl 
and  Grand  rivers  to  the  north,  and  the  results  studied.  Further  surveys  will  be  made  as 
opportunity  affords  and  railroad  construction  opens  up  the  country  for  settlement. 
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OPERATIONS  IN  UTAH. 

By  Qeorob  L.  Swbndbbn. 

During  the  last  year  some  very  imix>rtant  conclusions  have  been  reached  relative  to  the 
reclamation  projects  for  Utah.  By  the  end  of  the  field  season  of  1904  the  Utah  Lake  and 
Bear  Lake  projects  were  very  thoroughly  understood  so  far  as  engineering  problems  were 
concerned,  and  these  results,  together  with  the  review  of  water-right  matters  and  other 
complicating  elements,  led  to  the  conclusion  that  neither  could  be  put  under  construction 
for  some  years  to  come.  A  brief  statement  of  the  results  and  progress  on  these  two  valu- 
able projects  foUows. 

The  consideration  of  Weber  River,  another  of  the  large  and  valuable  water  resources  of 
the  State,  was  barely  begun  when  conflicting  interests  indicated  the  advisability  of  discon- 
tinuing the  work  there. 

The  Strawberry  VaUey  project  has  proved  on  examination  to  be  the  most  feasible  and 
least  complicated  of  all  projects  so  far  considered,  and  it  is  now  the  foremost  project  in  the 
State  and  the  only  one  on  which  early  construction  is  contemplated. 

UTAH  liAKS  PROJECT. 

Results  of  examination  of  this  project  are  given  in  the  First  Annual  Report  of  the  Recla- 
maticm  Service,  pages  279  to  282,  the  Second  Annual  Report,  pages  451  to  475,  and  in  the 
Third  Annual  Reix>rt  (second  edition),  pages  494  to  508.  Examinations  subsequent  to  the 
publication  of  Third  Annual  Report  were  limited  to  securing  details,  and  no  important 
conclusions  were  modified  thereby. 

In  March,  1905,  a  final  report  on  the  project  was  considered  by  a  board  of  engineers,  and 
it  was  decided  that  the  investigations  on  the  project  should  be  discontinued  for  the  present. 
When  aU  problems  connected  with  the  project  were  considered,  it  was  doubtful  if  it  was 
feasible  under  the  requirements  of  the  Reclamation  Service.  The  great  area  of  the  lake 
makes  it  an  extremely  inefficient  reservoir,  as  about  two-thirds  of  all  water  reaching  the 
lake  is  lost  by  evaporation.  The  use  of  the  flood  waters  of  streams  tributary  to  the  lake 
for  irrigation  is  increasing  from  year  to  year,  and  when  such  beneficial  use  is  considered  it 
would  seem  that  a  court  might  decide  such  claim  to  supersede  the  right  to  have  the  waters 
flow  into  the  lake  to  supply  the  evaporation  from  the  reservoir.  In  the  entire  history  of 
the  project  it  has  not  appeared  that  there  was  any  substantial  effort  on  the  part  of  the  own- 
ers of  existing  canals  to  form  a  water  users^  association  to  further  the  project. 

It  is  probable  that  the  great  value  of  the  additional  water  that  the  lake  can  supply  will 
insure  the  necessary  works  for  its  utilization  in  the  near  future.  One  unit  has  been  added 
to  the  Jordan  pumping  plant,  increasing  its  capacity  to  500  second-feet,  and  two  substan- 
tial enterprises  have  recently  been  started  to  pump  water  from  the  lake  to  the  high  lands 
along  the  Jordan.  One  of  these  will  cover  about  15,000  acres,  and  if  both  are  developed 
the  lake  supply  will  be  exhausted. 

In  connection  with  the  additional  draft  that  is  being  made  on  the  lake  it  is  interesting 
to  note  that  the  fluctuations  of  level  are  following  very  closely  those  determined  by  the 
hydrographic  investigations  and  computations  tabulated  in  the  Third  Annual  Report. 

329 


Digitized  by  VjOOQ IC 


380  FOURTH    ANNUAL   REPORT   OF   RECLAMATION    SERVICE. 

BEAR  liAKE  PROJECT. 

The  preliminaiy  examination  of  this  project  was  concluded  in  the  fall  of  1904,  and  a 
detailed  report  of  the  observed  conditions  is  given  in  the  Third  Annual  Report  of  the  Recla- 
mation Service  (second  edition),  pages  514-544. 

During  the  winter  of  1904  all  matters  relative  to  the  project  were  very  carefully  con- 
sidered, and  a  general  outline  of  the  possibilities  was  definitely  detennined.  The  plan 
for  storage  in  the  lake  is  simple,  but  the  canals  will  need  to  be  laige.  After  careful 
study  of  all  conditions  relative  to  distributing  canals  it  appears  most  feasible  to  have  the 
main  diversion  made  by  means  of  a  dam  about  200  feet  high  in  the  narrow  canyon  of  Bear 
River  about  12  miles  north  of  the  Utah-Idaho  line.  Thence  the  water  would  be  taken  by 
a  tunnel  about  3  miles  long,  opraung  into  the  north  end  of  Cache  Valley.  At  the  dutlet 
of  this  tunnel  it  would  be  carried  in  two  main  canals,  one  running  southward  to  cover 
the  valuable  Cub  River  bench  of  20,000  acres,  and  the  other  westward  and  southward 
along  the  western  side  of  Cache  Valley,  extending  about  20  miles  into  the  State  at  Utah, 
and  ultimately  reaching  about  125,000  acres  of  land.  A  branch  of  this  latter  nuun  cansl 
would  also  extend  northward  to  Marsh  Valley  to  irrigate  about  15,000  acres.  The  total 
area  covered  (160,000  acres)  is  about  equally  divided  between  the  States  of  Utah  and 
Idaho. 

The  Bancroft  VaUey,  the  most  northerly  area  heretofore  considered  in  coonectioQ  with 
this  project,  is  not  included  in  the  present  plan.  Developments  are  now  under  way  to 
reclaim  the  best  portions  of  that  section  by  an  enlaigement  and  extension  of  the  Last  CSianoe 
canal.  This  is  a  farmers'  cooperative  canal,  and  will  in  the  end  meet  the  requiremeati 
of  that  section  in  the  cheapest  and  most  satisfactory  manner. 

If  this  plan  is  carried  into  effect,  a  great  deal  of  veiy  expensive  construction  would  be 
necessary  before  any  benefits  would  result. 

For  some  years  past  two  different  companies  have  been  developing  plans  for  securing 
water  through  the  utilization  of  Bear  Lake,  and  while  the  construction  accompli^ed  is 
not  extensive  and  the  plans  for  future  developments  are  not  made  public,  in  either  case 
the  claims  of  these  companies  are  matters  to  be  considered  with  reference  to  the  water 
filings  and  water  rights,  A.t  least,  if  not  in  relation  to  the  reservoir.  Both  of  these  compa- 
nies are  largely  interested  in  power  development,  and  should  their  daims  be  reoognned 
their  plans  may  seriously  interfere  with  the  use  of  the  water  for  irrigation. 

Considerable  water  from  Bear  River  is  now  used  for  irrigation  in  Wyoming  and  a  mudi 
larger  amount  in  Utah  and  Idaho.  Claims  under  the  Utah  and  Idaho  canab  are  conflict- 
ing, and  in  some  cases  extravagant.  The  canals  in  most  cases  are  being  improved  and 
the  irrigated  area  extended,  and  the  adjudication  of  the  vested  rights  would  involve  many 
difficult  problems  and  necessarily  require  a  number  of  years. 

STRAWBERRY  VAIiliEY  PROJECT. 

The  feasibility  of  developing  a  small  project  to  utilize  the  waters  of  Strawberry  River 
is  suggested  in  the  Third  Annual  Report  (second  edition),  pages  513  to  514,  as  a  result  of 
the  reconnaissance  for  the  storage  and  diversion  of  several  of  the  streams  in  the  Uinta 
Mountains. 

About  January  1,  1905,  a  very  large  body  of  the  farmers  of  southern  Utah  County  ini- 
tiated further  inquiry  into  the  matter  by  a  petition  to  the  Chief  Engineer.  The  results 
of  the  investigations  are  outlined  below. 

IRRIGABLE  LANDS. 

Investigation  has  shown  that  the  project  will  include  about  50,000  acres  in  the  southern 
part  of  Utah  County  and  to  the  south  and  southeast  of  Utah  Lake.  These  lands  are  all 
in  private  ownership  and  partially  irrigated  from  the  streams  tributary  to  Utah  Lake. 
Where  the  water  supply  is  such  as  to  secure  the  most  profitable  crops  the  lands  are  very 
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valuable,  but  existing  canals  were  built  many  years  ago,  and  because  of  the  comparatively 
difficult  construction  necessaiy  to  reach  the  bench  lands  cultivation  has  been  confined 
largely  to  the  low  valley  lands. 

The  project  contemplates  the  development  of  these  arid  bench  lands  and,  by  extension 
and  enlaiigement  of  existing  canals,  the  more  complete  irrigation  of  the  entire  area. 

WATER  SUPPLY. 

The  streams  now  available  for  water  supply  to  the  tract,  with  the  discharge  during  the 
irrigation  months,  are  represented  in  the  following  table : 

Monthly  discharge  f  in  acre-feet,  of  Spanish  Fork,  HobUe,  and  Payson  Creeks,  Utah, 


stream. 

Year. 

May. 

June. 

July. 

August 

tember. 

Spanish  Fork 

1901 
1903 
1904 
1905 

Mean. 

1904 
1905 

Mean. 

Mean. 

16,663 
13,968 
19,860 
17,094 

7,914 
12,972 

8,985 
10,000 

4,736 
4,858 
6,077 
4,600 

6,067 
3,051 
4,181 

4,463 
3,094 
3,749 

16,900 

10,000 

4,800 

4,700 

3,800 

Hobble  Creek 

8,200 
6,100 

2,700 
2,970 

2,000 
1,000 

1,200 

1,000 

6,600 

2,800 

1,800 

1,200 

1,000 

Payson  Creek 

1,200 

600 

600 

600 

600 

24,700 

13,400 

7,200 

6,600 

6,400 

Grand  total,  57,200  acrf^-feet. 

The  discharge  as  shown  for  the  month  of  May  is  sufficient  for  the  irrigation  of  the  entire 
area  during  that  month,  but  the  great  decrease  in  the  following  months  limits  the  area 
that  is  profitably  cultivated.  No  other  streams  within  the  great  basin  are  available  to 
supply  the  deficiency,  and  it  is  proposed  to  store  the  entire  flow  of  Strawberry  River  and 
construct  such  works  as  will  add  this  supply  to  the  normal  flow  available  for  irrigation,  and 
thus  complete  the  proper  irrigation  of  the  entire  tract. 

In  the  following  table  are  given  the  results  of  measurements  on  Strawberry  River  for 
1904  and  1905: 

Discharge,  in  acre-feet,  of  Strawberry  River. 


Month. 


January.. 
February. 
March.... 
April 


1904. 


1,660 
1,663 
1,660 
6,771 

May j      22,873 

June 8,627 

3,666 


July 

August 

September. . 

October 

November. . 
December.. 


Total. 


2,450 
1,726 
1,660 
1,606 
1,660 


64,820 


1906.       Mean. 


1,600 

1,500 

3,100 

9,800 

17,800 

8,900 

3,300 

2,400 

•1,700 

•1,600 

•1,600 

•1,600 


54,900 


1,630 
1,527 
2,380 
7,786 
20,336 
8,763 
3,433 
2,430 
1,712 
1,630 
1,603 
1,630 


64,860 


•Estimated. 
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A  comparison  of  this  record  with  that  of  Provo  River  for  the  same  years  shows  that  the 
run-off  is  a  little  greater  than  one-fifth  that  of  the  Provo.  By  utilizing  the  complete  record 
of  the  Provo  since  1890  and  applying  this  factor  the  following  table  is  prepared  to  show 
the  probable  run-off  of  the  Strawberry  during  that  period: 

Probable  run-off  of  Strawberry  River  ^  1890-1904. 

Acre-feet. 

1890 83,000 

1801 73,000 

1892 68,000 

1893 77,000 

1805. 61,000 

1897 83,000 

1808 58,000 

1901 52,540 

1903 •. 45,900 

1904 54,800 

Mean 65,600 

The  drainage  area  is  200  square  miles,  all  ^bove  the  7,500-foot  elevation,  and  includes 
some  of  the  highest  sections  of  the  Uinta  Range. 

In  consideration  of  these  results  it  seems  safe  to  assume  that  an  annual  supply  of  50,000 
acre-feet  can  be  depended  on  by  the  storage  of  the  flow  of  this  stream.  It  is  probable  that 
half  of  the  stored  water  will  be  used  in  July  or  August,  as  these  are  the  months  when  the 
greatest  acreage  of  most  valuable  crops  will  be  served. 

STORAGE  CAPACITY. 

The  storage  of  the  Strawberry  can  be  accomplished  by  a  very  simple  dam,  with  maximum 
height  of  45  feet,  affording  a  storage  capacity  of  100,000  acre-feet.  A  loose-rock  structure 
with  concrete  core  wall  and  backed  with  earth  is  contemplated.  Borings  at  the  dam  site 
are  now  in  progress.  An  adequate  spillway  site  is  available  some  distance  from  the  dam, 
the  dischai^  from  the  spillway  to  be  into  Indian  Creek. 

TUNNEL. 

From  the  reservoir  the  water  will  be  drawn  through  a  tunnel  19,500  feet  long,  terminating 
in  the  head  of  Diamond  Creek,  a  branch  of  Spanish  Fork.  This  tunnel  is  the  most  expen- 
sive feature  of  the  project  and  very  careful  surveys  and  examinations  have  been  made  to 
determine  conditions  as  accurately  as  possible. 

At  the  east  portal  the  ascent  of  the  mountain  is  quite  gentle  and  in  the  first  mile  the 
ground  has  been  tested  to  tunnel  grade  with  a  diamond  drill.  The  material  is  found  to 
be  Tertiary  sandstone  and  sandstone  shales,  with  the  sandstone  predominating.  The 
cores  show  these  materials  to  be  disposed  in  thin  layers  and  chemical  reactions  indicate 
the  presence  of  considerable  lime.  In  each  of  the  deep  test  holes  an  artesian  flow  of  water 
was  developed  some  distance  above  the  tunnel  grade  and  extensive  pumping  will  be  neces- 
sary in  the  east  headings  of  the  tunnel.  On  the  west  or  Diamond  Creek  slope  of  the  moun- 
tain there  is  one  large  bed  of  shale  and  sandstone  outcropping  very  prominently,  which  at 
the  tunnel  line  will  be  about  3,000  feet  thick.  This  will  be  encountered  at  about  15,000 
feet  from  the  east  portal  and  may  require  some  permanent  timbering  in  construction. 
Elsewhere  it  is  hardly  probable  that  anything  but  temporary  timbero  will  be  neceaaaiy. 
The  tunnel  can  be  given  a  maximum  grade  without  materially  adding  to  the  length,  and 
thus  the  section  may  be  a  minimum. 
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In  order  to  develop  electric  power  for  use  in  constructing  the  tunnel  the  three  foUowing 
plans  are  under  consideration:  1.  A  steam  plant  at  the  west  portal,  utilizing  wood  for  fuel. 
2.  A  steam  plant  at  the  nearest  railroad  point,  utilizing  coal  for  fuel.  3.  A  water-power 
plant  on  Spanish  Fork. 

DISTRIBUTING  SYSTEM. 

Existing  canal  systems  are  not  located  or  constructed  in  the  most  satisfactory  manner, 
but  the  discrepancy  is  not  so  great  as  to  justify  the  abandonment  of  these  systems  and  the 
construction  of  entirely  new  ones.  By  the  rectification,  extension,  and  enlargement  of 
these  canals  fuUy  35,000  acres  of  the  tract  can  be  reached,  and  the  results  of  inquiry  indi- 
cate that  only  one  aew  system  will  be  required.  It  is  expected  that  this  one  new  canal 
will  supply  all  the  valuable  highlands  that  can  be  profitably  included  in  the  project. 

WATER  USERS'  ASSOCIATION. 

When  the  project  was  first  considered  it  was  recognized  that  a  unification  of  all  the 
water  interests  of  Spanish  Fork  Valley  would  be  necessary  for  the  proper  manipulation 
of  a  comprehensive  and  successful  system  to  utilize  the  additional  water  supply.  The 
water  rights  of  the  valley  are  among  the  oldest  in  the  State  of  Utah  and  it  became  a  matter 
of  great  concern  whether  all  these  interests  could  be  meiged  into  one  association  including 
the  water  supply  to  be  developed. 

An  association  was  formed  foUowing  closely  the  forms  of  articles  and  by-laws  of  some 
other  projects  in  the  reclamation  work,  and  stock  subscription  began  with  the  provision 
that  each  subscri^r  take  stock  covering  his  entire  irrigable  area  whether  entirely  without 
water  or  partially  or  entirely  supplied  from  present  available  sources.  In  other  words, 
his  lands  and  existing  water  rights  were  to  be  meiged  into  the  association. 

Of  course  the  surrender  of  old  water  rights  was  a  serious  matter  and  really  the  only 
question  in  the  organization  that  caused  any  apprehension.  FinaUy,  in  order  to  secure 
entire  unity  of  effort  and  to  prevent  possibility  of  question  in  any  case,  the  association 
entered  into  the  following  agreement  with  each  subscriber  owning  water  in  Spanish  Fork 
Valley. 

This  agreement,  made  and  entered  into  this day  of between  the  Strawberry  Valley  Water 

Users'  Association,  a  corporation,  party  of  the  first  part,  its  successors  and  assigns,  and 

of ,  Utah,  party  of  the  second  part, heirs,  administrators,  executors,  and  assign: 

Witnesseth:  That  in  consideration  of  the  covenants  of  said  second  party  hereinafter  contained  (and 

contained  in  subscription  contract  No , executed  by  the  second  party  for  the  stock  of  the  first  party, 

hereto  attached  and  made  part  hereof),  said  first  party  hereby  agrees  that  the  water  rights  now  vested 
in  said  second  party,  as  evidenced  by  the  decrees  of  the  first  Judicial  district  court  of  the  Territory  of 
Utah  and  of  the  fourth  Judicial  district  court  of  Utah  County,  State  of  Utah,  now  in  force  and  of  record 
in  the  said  fourth  judicial  district  court,  shall  retain  priority  and  right  of  use  as  therein  decreed  over  the 
rights  acquired  imder  the  subscription  contract  hereto  attached. 

Should  the  party  of  the  first  part  fail  to  deliver  additional  water  to  said  second  party  or  should  the 
Reclamation  Service,  established  under  the  provisions  of  the  act  of  Congress  approved  June  17,  1902 
(32  Stat.,  388),  known  at  the  reclamation  act,  fail  to  carry  into  effect  the  Strawberry  Valley  reclamation 
project,  now  under  consideration  under  the  provisions  of  said  act  of  Congress,  or  should  the  supply 
of  water  from  the  Strawberry  Valley  project  fail  any  year  or  succession  of  years  after  the  completion 
and  installation  of  said  project,  then  the  prior  right  to  use  the  water  of  Spanish  Fork  River,  as  set  forth 
in  greater  particularity  in  the  decrees  hereinbefore  referred  to,  shall  not  be  interiered  with  or  hindered 
by  the  first  party,  but  said  rights  as  in  said  decrees  determined  shall  be  protected  and  preserved  as  such 
prior  right  by  said  first  party  for  the  use  and  benefit  of  said  second  party. 

Said  second  party,  in  consideration  of  the  aforesaid  covenants  of  the  first  party,  agrees,  in  addition 
to  the  covenants  recited  in  the  subscription  contract  hereto  attached,  that  said  second  party  will 
deposit  in  escrow  with at  Spanish  Fork,  State  of  Utah,  the  stock  certificate  or  other  evi- 
dence held  by  the  said  second  party  of  the  right  or  title  to  use  the  water  now  delivered  or  distributed 

to  the  second  party  by  the Canal  Company,  properly  indorsed  by  said  second  party,  the  same  to 

be  transferred  and  delivered  to  the  first  party  at  or  before  the  time,  as  announced  by  the  Secretary  of 
the  Interior,  when  the  United  States  is  ready  to  deliver  water  to  the  lands  of  the  said  second  party 
from  the  Irrigation  works  of  the  Strawberry  Valley  project,  constructed  under  the  provisions  of  the 

H.  Doc.  86,  59-1 23 
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reclamation  act:  Provided,  that  nothing  herein  shall  be  construed  to  interfere  with  or  hinder  the 
party  of  the  second  jMUt  in  the  full  enjoyment  of  his  right  to  the  use  of  water  by  virtue  of  said  certifi- 
cates of  stock  or  other  evidence  of  right  until  the  completion  of  said  project,  and  the  distribution  of 
water  thereimder  as  provided  in  this  agreement  and  its  subscription  contract  hereto  attached. 
In  witness  whereof  we  have  hereto  set  our  hands  and  seals  the  day  and  year  first  herein  written. 

Strawberry  Valley  Water  Users'  Assoclitioh, 

[SEAL.]  •  By .President, 

PaHy  of  the  FirH  Part, 

[SEAL.]  , 

Partf  of  the  Second  ParL 
Attest: 


[SEAL.]  Secretary. 

The Canal  Company  covenants  and  agrees  as  follows: 

That  whereas  the  Strawberry  Valley  Water  Users'  Association,  described  in  the  form  of  contract 
hereto  attached  and  made  part  hereof,  as  the  first  party,  and  other  persons,  stockholders  in  said  com- 
pany, signing  contracts  as  above  in  form,  and  therein  described  as  the  second  party,  have  entered  into 
an  agreement  of  which  the  aforesaid  is  a  copy. 

Now,  therefore,  said Canal  Company  in  consideration  of  the  premises  and  covenants  entered  into 

by  said  first  and  second  parties,  hereby  covenants  and  agrees  that  at  or  before  the  time,  as  announced 
by  the  Secretary  of  the  Interior,  when  the  United  States  Is  ready  to  deliver  water  to  the  lands  under  the 
canal  system  of  the  said  canal  company  from  the  irrigation  works  of  the  Strawberry  Valley  project, 
constructed  under  the  provisions  of  the  reclamation  act,  the  said  Strawberry  Valley  Water  Users' 
Association  may  take  the  proper  steps  by  petition  to  the  appropriate  court  of  the  State  of  Utah  to 
secure  the  dissolution  by  decree  of  such  court  in  accordance  with  law  of  the  said Canal  Company, 

This  contract  is  made  and  executed  on  behalf  of  the  said Canal  Comi>any  in  pursuance  of  a 

resolution  of  the  board  of  directors  of Canal  Company,  bearing  date  of ,  copy  of  which 

Is  hereto  attached  and  made  part  hereof. 

In  witness  whereof  we  have  hereunto  set  our  hands  and  seals  this day  of A.D.1005. 

Canal  Company, 

[CORPORATE  SEAL.]  By ,  PrcHdenL 

Attest: 

Secretary, 

These  agreements  seem  to  have  satisfied  all  anxiety  in  relation  to  prior  claims  and  the 
association  stock  subscription  will  cover  all  sources  of  water  for  the  entire  tract  and  should 
aflTord  a  basis  for  a  most  excellent  system  of  administration  in  the  affairs  of  the  association. 

ROADS  AND  BUILDINGS. 

In  order  to  facilitate  construction  on  the  tunnel  and  reservoir,  it  will  be  necessary  to 
put  the  roads,  to  the  nearest  railroad  points,  in  repair.  A  field  examination  indicates 
the  advisability  of  having  the  main  railroad  supply  point  on  the  Rio  Grande  Western 
Railroad  at  Castilla  Springs,  in  the  Spanish  Fork  Canyon,  thence  to  construct  a  road 
through  the  Diamond  Fork  Canyon  to  reach  both  timnel  ix>rtals  and  the  dam  site. 

From  Castilla  to  the  west  portal  the  distance  is  23  miles,  thence  to  the  east  portal  by  a  fea- 
sible road  route  7.5  miles,  thence  to  the  dam  site  4  miles.  Over  a  great  part  of  this  distance 
a  crude  road  is  already  built,  but  a  great  deal  of  work  must  be  done  to  make  the  route  prac- 
ticable for  the  transportation  of  materials  for  the  project.  A  very  satisfactory  grade 
can  be  secured  and  the  work  will  not  be  of  an  expensive  character.  All  other  road  routes 
have  been  examined,  but  this  is  the  most  feasible  one,  and  has  the  advantage  of  affording 
a  permanent  road  from  the  Spanish  Fork  Valley  to  the  storage  reservoir  after  the  project 
is  constructed. 

For  camp  buildings  log  structures  will  be  put  up,  utilizing  the  aspen  logs  in  the  immedi- 
ate vicinity.    Such  buildings  can  be  cheaply  constructed  and  be  made  very  serviceable. 

A  telephone  line  is  contemplated  from  Strawberry  Valley  to  Spanish  Foik,  a  distance 
over  all  of  about  30  miles,  affording  a  chance  for  long-distance  connection  at  Spanish 
Fork  with  either  the  Rocky  Mountain  Bell  or  Utah  Independent  telephone  lines  to  Salt 
Lake  and  other  prominent  points. 
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OPERATIONS  IN  WASHINGTON. 

By  D.  C.  Hbnnt. 
OKANOGAN  PBOJBCT.« 

The  Okanogan  project  has  for  its  object  the  irrigation  of  about  9,000  acres  of  land  in 
northern  Washington,  lying  along  the  right  bank  of  Okanogan  River.    (See  PL  LVII.) 

The  work  done  during  1903  and  1904  is  summarized  in  the  Second  Annual  Report, 
pages  488-489,  and  the  Third  Annual  Report  (second  edition),  pages  606-609. 

A  board  of  consulting  engineers,  consisting  of  A.  P.  Davis,  A.  J.  Wiley,  and  D.  C.  Henny, 
visited  the  project,  April  24-26, 1905,  and  in  its  report  to  the  chief  engineer  reconunended 
that  investigations  be  continued  and  completed. 

WATER  SUPPLY. 

The  water  supply  for  the  irrigation  of  lands  under  this  project  is  obtained  from  Salmon 
Creek,  a  stream  which  drains  an  area  of  about  140  square  miles.  A  gaging  station  was  estab- 
lished on  this  stream  in  April,  1903,  at  Malott,  Wash.  The  records  from  this  station  show 
a  mean  flow  during  the  remainder  of  that  year  of  54  second-feet,  giving  a  total  of  28,500  acre- 
feet.  The  maximum  flow  was  429  second-feet,  and  occurred  in  June;  the  minimiim  flow, 
16  second-feet,  occurred  in  December.  From  July  to  the  end  of  the  year  the  flow  ranged 
between  86  and  16  second-feet. 

During  1904  the  mean  flow  was  78  second-feet,  giving  a  total  of  56,460  acre-feet.  The 
maximum  flow  (577  second-feet)  occurred  in  April,  and  the  minimum  flow  (11  second-feet) 
in  January,  February,  March,  September,  and  October.  With  the  months  of  April  to  June, 
inclusive,  eliminated,  the  flow  ranged  between  61  and  11  second-feet. 

IRRIGABLE  LANDS. 

The  irrigable  lands  have  an  elevation  of  850  to  1,350  feet  above  sea  level,  and  lie  in  a  series 
of  benches  sloping  toward  Okanogan  River.  The  soil  is  composed  of  sand,  light  loam,  and 
volcanic  ash.  Irrigated  lands  in  alfalfa  yield  a  profit  on  a  validation  of  $100  per  acre,  and 
lands  in  fruit  or  nuts,  for  which  the  soil  is  specially  adapted,  will  3rield  profits  on  a  much 
higher  valuation.  Without  irrigation  the  lands  are  practically  worthless.  The  above  con- 
clusions are  fully  corroborated  by  statements  of  owners  of  lands  now  under  irrigation  in  the 
vicinity. 

LANDS  NOW  IRRIGATED  PROM  SALMON  CREEK. 

There  are  now  irrigated  from  Salmon  Creek  1,425  acres.  The  water  rights  of  appropria- 
tors  are  being  defined  by  a  mutual  agreement  under  which  those  having  full  water  right  will 
limit  their  claim  to  3  acre-feet  per  acre  for  the  land  they  actually  irrigate,  and  those  who  are 
not  at  present  able  to  get  water  for  the  entire  season  will  limit  their  claim  to  3  acre-feet  per 


a  From  report  by  C.  Andersen,  engiiieer. 
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acre  for  two-thirds  of  the  number  of  acres  at  present  irrigated.  Under  this  agreement  the 
aggregate  vested  rights  in  Sahnon  Creek  are  found  to  be  entitled  to  4,050  acre-feet  during 
the  entire  season,  leaving  sufficient  water  in  a  dry  year  for  the  irrigaticm  of  about  8,500  acres 
not  now  irrigated  available  for  the  project. 

STORAGE  OF  WATER. 

Storage  is  being  figured  on  for  the  complete  retention  of  all  flood  waters  of  Salmon  Cre^ 
in  years  of  low  run-off,  for  which  puipoee  a  total  capacity  of  13,000  acre-feet  is  required.  In 
addition,  storage  of  5,000  acre-teet  is  considered  desirable  to  hold  over  from  a  hi^  to  a  low 
year. 

With  this  capacity  it  is  estimated  that  the  minimum  amount  of  water  available  for  any  one 
year  will  be  36,000  acre-feet,  except  in  case  of  two  successive  low  years. 

The  following  four  reservoirs  have  been  considered:  Salmon  Lake,  ConconuUy  basin, 
Scotch  basin.  Brown  Lake. 

Salmon  Lake  is  a  natural  lake  about  2)  miles  in  length  lying  just  east  from  the  town  of 
Conoonully  in  a  coul^  branching  off  from  North  Fork  of  Salmon  Creek.  It  is  practicable  to 
store  a  maximtim  of  18,000  acre-feet  in  this  reservoir  by  building  a  low  earthen  dam  across 
its  outlet,  about  1,000  feet  long  and  with  a  maximum  height  for  a  short  distance  of  58  feet. 
Part  of  the  storage  is  figured  on  by  cutting  down  the  outlet  to  a  point  about  15  feet  below 
the  ordinary  stage  of  water  in  the  lake.    The  elevation  of  low  water  wiil  be  about  2,280  feet. 

Conconully  basin  lies  immediately  south  of  ConconuUy.  The  reservoir  is  to  be  formed  by 
the  construction  of  an  earthen  dam  in  Salmon  Creek  Canyon  below  the  junction  of  North 
and  West  forks  of  Salmon  Creek.  This  reservoir  can  be  made  to  hold  16,000  acre-feet.  The 
dam  figured  on  is  of  the  earth  type,  80  feet  maximum  height  and  about  500  feet  long. 
Tlie  elevation  of  low  water  will  be  about  2,230  feet. 

Scotch  basin  lies  outside  of  the  drainage  area  of  Salmon  Creek  and  offers  the  largest  stor- 
age in  the  project.  It  occupies  about  4  miles  in  length  of  the  narrow  coul^  which  is  the 
upper  portion  of  Johnson  Creek,  a  smaU  stream  skirting  the  irrigable  lands  on  the  north. 
The  material  composing  the  sides  of  this  coul^  varies  from  limestone  at  the  upper  end  to  a 
good,  sound  marble  at  the  dam  site.  A  capacity  of  14,000  acre-feet  can  be  had  at  elevations 
between  1,440  and  1,513  feet.  Borings  have  shown  that  solid  rock  below  the  bottom  of  the 
coul^  occurs  at  a  depth  of  over  70  feet.  As  a  cut-off  wall  was  deemed  essential,  the  cost  of 
a  dam  at  this  point  was  found  to  be  prohibitive;  moreover,  the  inlet  canal  from  Salmon  Creek 
as  well  as  the  outlet  canal  to  the  irrigable  lands  would  be  expensive,  the  former  owing  to  its 
length,  the  latter  owing  to  steep  and  difficult  ground. 

Brown  Lake  is  a  natural  lake  situated  in  a  coul^  draining  into  Salmon  Creek.  This  lake 
offers  excellent  facilities  for  storage,  but  long  expensive  inlet  and  outlet  canals  would  be  nec- 
essary to  connect  it  with  Salmon  Creek  above  and  the  irrigable  lands  below.  A  capacity  of 
9,000  acre-feet  can  be  had  between  elevations  of  1,574  and  1,638  feet,  and  to  obtain  this 
capacity  a  dam  of  the  earth  type  has  been  estimated  on,  with  a  maximum  height  of  50  feet 
and  a  top  length  of  575  feet. 

REPORT  OP  CONSULTING  ENGINEERS. 

EJstimates  of  cost  on  the  basis  of  various  capacities  for  these  several  reservoirs  and  inlet 
and  outlet  canals  have  been  made  and  preliminary  designs  of  structures  have  been  completed. 
The  entire  work  was  submitted  to  a  board  of  engineers  consisting  of  A.  J.  Wiley,  Morris  Bien, 
D.  C.  Henny,  and  Christian  Andersen,  who  on  October  9  reported  on  the  project  as  foUows: 

We  find  that  the  total  area  irrigable  from  Salmon  River  is  10,000  acres,  of  which  there  are  now  being 
irrigated  1,350  acres,  the  vested  water  rights  whereof  have  been  defined  by  preliminary  mutual  agree- 
ment. 

We  estimate  that  the  cost  of  Irrigating  the  remaining  8,650  acres  will  not  exceed  $50  per  acre,  indndlog 
ten  years'  maintenance. 
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We  find  that  tbe  people  are  willing  and  anxious  to  accept  the  project  on  the  baeis  of  the  cost  estimated 
and  to  comply  with  all  the  usual  requirements  preliminary  to  construction^  and  we  believe  that  the  land 
is  ample  security  for  the  estimated  cost  of  construction  as  stated  above. 

We  therefore  recommend:  • 

First,  that  the  sum  of  $432,300  be  set  aside  for  the  construction  of  this  project. 

Second,  that  the  construction  be  commenced  as  soon  as  the  following  conditions  have  been  complied 
with: 

(a)  That  formal  agreements  defining  the  water  rights  for  at  least  90  per  cent  of  the  1,350  acres  now 
irrigated  be  duly  executed  and  that  in  connection  therewith  the  perpetual  use  of  Salmon  Lake  reservoir 
be  granted  to  the  United  States  by  its  present  owners. 

(6)  That  a  watermsers'  association  be  organized  and  that  at  least  90  per  cent  of  the  8,650  acres  of  Irri- 
gable land  be  subscribed. 

(c)  That  contracts  for  the  disposal  of  excess  land  be  executed  for  at  least  90  per  cent  of  the  excess  area 

Third,  that  the  farm  unit  for  the  project  be  fixed  at  40  acres  of  irrigable  land. 

Fourth,  that  in  order  that  the  work  may  be  completed  in  time  for  the  irrigation  season  of  1907  prompt 
action  be  taken  for  the  authorization  of  this  project. 

YAKIMA  VALIiBY  PROJECT,  a 

GENERAL  STATEMENT. 

Active  investigation  in  the  Yakima  Valley  was  first  begun  in  April,  1905,  after  it  had 
become  evident  that  those  interested  in  the  older  irrigation  canals  were  disposed  to  settle 
their  existing  water  rights  on  an  equitable  basis  without  resort  to  process  of  law.  (See 
PI.  LVHo.) 

In  the  early  spring  of  1903  a  reconnaisance  was  made  of  the  Tieton  scheme.  It  was  then 
determined  that  no  project  could  be  undertaken  contemplating  taking  water  from  streams 
the  water  rights  on  which  were  in  such  a  chaotic  condition. 

In  the  anticipation  of  a  settlement,  either  on  an  amicable  basis  or  through  the  courts 
complete  hydrographic  data  were  obtained  during  the  irrigating  season  of  1904  of  the  flow  of 
all  the  principal  canals  and  streams  that  furnish  any  considerable  water  supply  during  the 
dry  season. 

In  February,  1905,  the  State  legislature  passed  an  act  approved  March  4,  1905,  entitled 
''An  act  relating  to  the  appropriation  of  waters  of  the  State  for  irrigation  purposes,  granting 
to  the  United  States  the  right  to  exercise  the  power  of  eminent  domain  in  acquiring  lands, 
water,  and  other  property  for  rights  of  way,  and  for  reservoirs  and  other  irrigation  works, 
granting  to  the  United  States  certain  rights  in  State  lands  and  in  the  waters  of  the  State, 
relating  to  water-users'  associations,  and  declaring  an  emergency."  Under  this  law  a  with- 
drawal of  the  waters  of  Yakima  River  and  its  principal  tributaries  and  a  list  of  the  State 
lands  over  which  rights  of  way  were  required  and  lands  susceptible  of  irrigation  under  the 
Yakima  project  were  filed  with  the  State  land  conmiissioner  May  10, 1905.  About  the  sam^ 
time  active  investigations  in  the  field  were  begun. 

Yakima  River  drains  an  area  of  5,300  square  miles  west  of  the  Columbia.  Its  normal 
low-water  flow  into  the  Colimibia  10  miles  above  the  mouth  of  the  Snake,  if  unaffected  by 
diversions  from  irrigating  ditches,  would  be  about  1,400  secpnd-feet. 

The  highest  recorded  discharge  during  the  nine  years  in  which  a  station  has  been  main- 
tained on  the  river  is  27,050  second-feet  in  1901 .  The  main  river  and  its  principal  branches, 
the  Naches  and  the  Tieton,  rise  from  the  summit  of  the  Cascade  Mountains,  draining  an 
area  above  their  confluence,  of  about  90  miles  north  and  south  and  60  miles  east  and  west, 
approximately  2,570  square  miles.  About  half  of  this  area  is  arid  and  grows  nothing  but 
sagebrush  and  bimch  grass,  with  no  timber.  The  precipitation  on  this  portion  varies  from  5 
to  12  inches  and  contributes  nothing  to  the  low-water  flow  of  the  river.  The  balance  of  the 
area  is  covered  with  timber,  varying  in  density  with  the  amount  of  rainfall,  which  is  from  12 
to  100  inches. 


oFrora  report  by  T.  A.  Noble. 
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The  lower  and  arid  portion  of  the  valley,  in  which  lie  the  lands  which  can  be  irrigated,  is 
divided  into  five  basins  separated  by  basaltic  ridges  through  which  the  river  flows  in  narrow 
canyons  and  gaps.  In  the  order  of  their  position  along  the  river  from  the  Cascade  Mountains 
to  the  Columbia,  the  basins  are  as  foUows: 

BaavM  cfTaJdma  River, 


Elevation. 

Irrigable 
area. 

Irrigated 
area. 

popula- 
tion in 
1900. 

detdxnD.                                                             r 

Feet. 

1,750-2,150 

1,500-1,750 

1,050-1,500 

660-1,050 

Acres. 
10,000 
75,000 
100,000 
180,000 
230,000 

Acres. 

3,000 
20,000 
60,000 
54,000 

9,000 

3,843 

Kittitas 

5,861 

YaHitiii 

8,914 

Reservation 

3,811 

Columbia  River 

350-    650 

453 

Total 

595,000 

Li6,000 

VALUE  OF  LANDS. 

The  Value  of  land  increases  veiy  rapidly  from  the  higher  to  the  lower  elevations,  on  account 
of  the  increased  length  of  growing  season  and  higher  temperature.  The  hi^er  lands, 
owing  to  the  shorter  season  and  greater  rainfall,  require  lees  water  for  irrigation. 

The  principal  criterion  of  the  value  of  any  irrigated  land  is  its  proximity  to  a  ready  and 
profitable  market.  Puget  Sound,  Columbia  River  basin  west  of  the  Cascades,  and  Alaska, 
being  engaged  principally  in  commercial,  mining,  lumbering,  fishing,  and  allied  pursuits, 
support  a  very  large  ix>pulation,  but  a  very  small  percentage  of  the  accessible  area  is  suit^ 
able  for  raising  those  crops  that  can  be  produced  in  the  irrigated  districts.  Here  is  an  ideal 
condition  for  an  irrigated  area — an  adjoining  humid  area  supporting  a  laige  populaticm. 
The  short  distance  to  tide  water,  ranging  from  99  to  250  miles,  ia  also  a  favorable  conditioa. 

The  irrigable  lands  are  at  comparatively  low  elevations,  and  the  productiveness  oi  the 
soil  along  Yakima  and  Columbia  rivers  is  greater  than  in  any  other  arid  section  of  the 
United  States,  except  in  the  extreme  Southern  States. 

The  growing  season  varies  from  seven  to  five  months,  according  to  elevation.  On  the 
lower  unirrigated  lands  near  Columbia  River  the  temperature  has  been  known  to  rise  to 
117**  F. 

SOIL. 

The  character  of  the  soil  varies  in  the  different  basins,  being  lighter  and  more  sandy  near 
the  Columbia,  light  volcanic  asb  in  the  Reservation  and  Yakima  basins,  volcanic  ash  with 
more  or  less  clay  in  the  Kittitas  basin,  and  an  adobe  clay  in  the  Clealum  basin.  In 
places  on  the  benches  these  soils  are  of  considerable  depth,  but  generaUy  they  form  a  cov- 
ering of  from  1  to  3  feet  on  top  of  porous  gravel  and  river  wash.  In  each  of  the  existing 
irrigated  areas  a  portion  of  the  land  has  become  swampy  or  alkaline  by  lack  of  proper  drain- 
age and  an  excessive  use  of  water  for  irrigating. 

WATER  RIGHTS. 

There  are  55  canal  S3rstems  taking  water  from  Yakima  and  Naches  rivers  between  Clealum 
and  the  mouth  of  the  Yakima,  not  including  numerous  smaU  canals  taking  water  out  of  the 
smaller  tributaries  of  the  Yakima,  which  furnish  but  little  to  the  low-water  supply  of  the 
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river.  The  total  average  amount  of  water  diverted  from  Yakima  River  by  these  canals  in 
August,  1904  and  1905,  the  amount  of  land  irrigated  in  1905,  and  the  amount  of  land  covered, 
was  as  follows: 

Canal  sytUms  on  Yakima  River  and  trtbutaries. 


Amount  diverted. 

Land 
irrigated 
inl905. 

T.and 

under 

canals  in 

1905. 

Name. 

August, 
1W4. 

^^- 

Kittitas  basin 

Sec.'feet. 
265 

144 
573 
606 
256 
160 

Sec'feet. 
241 

153 
544 
626 
269 
154 

Acres. 
23,000 

12,000 
27,000 
34,000 
17,000 
8,000 

Acres, 
32,000 

Yakima  Valley: 

Moxie  Valley 

15,000 

Naches  River 

35,000 

Annnvfridn  nAtiftl 

69,000 

Keservation  canals 

80,000 

Canals  In  Columbia  basin .  .                   

21,000 

Total 

2,003 

1,905 

121,000 

252,000 

Amount  flowing  into  Columbia  River 

112 

100 

The  average  diversion  for  these  two  years  was  at  the  rate  of  1  second-foot  for  each  58 
acres  of  land  irrigated.  During  the  month  of  August  in  both  these  years  the  river  was 
practically  dry  at  Prosser  Falls,  except  the  amount  appropriated  for  power  purposes,  and 
in  the  last  year  there  was  a  considerable  shortage  in  some  of  the  canals.  With  the  enor- 
mous amount  of  additional  lands  that  can  be  irrigated  from  the  existing  canals  at  a  veiy 
slight  increase  in  cost  per  acre,  there  will  be  an  irresistible  tendency  in  the  future  to  enlai^ 
and  extend  the  canals  and  t]ise  more  water  from  the  river.  The  result  of  this  tendency,  if 
not  checked  by  a  settlement  of  all  water  rights  affecting  the  flow  of  the  main  stream,  will 
be  to  deprive  those  lower  down  on  the  stream  of  the  water  to  which  they  are  entitled  and 
to  make  it  unsafe  to  use  the  river  for  conveying  stored  water.  A  settlement  of  all  water 
rights  on  the  basis  of  the  natural  flow  of  the  river  in  the  years  of  lowest  discharge  is,  there- 
fore, necessary  before  any  project  can  be  approved.  Such  a  settlement  is  now  pending, 
and  will  not  only  make  the  way  dear  for  the  Government  to  undertake  a  project  but  wiU 
save  to  the  water  users  endless  expense  and,  prevent  the  stagnation  in  business  which  is 
sure  to  follow  in  the  train  of  the  water-right  litigation  which  has  already  been  started. 

TRANSPORTATION. 

The  Northern  Pacific  Railway  traverses  the  center  of  the  vaUey  from  the  summit  of  the 
Cascades  to  Columbia  River.  The  Columbia  is  navigable  for  50  miles  upstream  from  the 
yoint  where  the  Northern  Pacific  crosses  at  Kennewick.  The  distance  to  transportation 
by  water  or  rail  from  the  farthest  point  in  any  irrigable  land  being  investigated  under  the 
Yakima  project  is  20  miles.  The  average  haul  would  be  about  7  miles.  By  the  construc- 
tion of  two  short  branches,  one  20  miles  and  one  50  miles  long,  the  average  haul  could  be 
reduced  to  lees  than  4  miles. 

STORAGE. 

As  aU  of  the  natural  flow  of  Yakima  River  is  already  appropriated  by  users  who  have 
preserved  their  legal  rights  under  the  State  law,  storage  is  an  essential  part  of  any  plan  for 
the  future  developmejit  of  irrigation  in  the  valley.  Five  reservoir  sites  have  been  found 
and  their  capacity  and  cost  of  construction  are  being  thoroughly  investigated.  It  is 
expected  that  the  average  cost  of  these  reservoirs  will  be  reasonable  per  acre-foot,  though 
they  vary  greatly  in  capacity  and  cost  of  development.  They  are  as  follows,  in  the  order  of ' 
their  capacity  and  importance:  Lake  Clealum,  Lake  Kachess,  Lake  Keechelus,  Bumping 
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Lake,  and  McAllisters  Meadows.  Topographic  surveys  of  the  reBervoire  and  dam  sites  at 
all  of  these  except  the  latter  have  been  made  during  the  field  season  of  1905.  Estimates 
are  being  made  to  determine  the  most  feasible  height  of  dams  and  cost  per  acre-foot.  The 
maximum  economical  capacity  of  these  reservoir  sites  will  probably  not  be  sufficient  to  irri- 
gate all  of  the  available  land. 

TIETON  SUBPROJECT. 

The  Tieton  scheme  contemplates  the  irrigation  of  about  24,000  acres  of  land  west  and 
north  of  the  town  of  North  Yakima.  It  is  divided  into  three  areas,  separated  by  distinct 
topographic  features — ^Wide  Hollow,  Cowiche  Basin,  and  Naches  Ridge.  The  portion  in 
Wide  Hollow  lies  directly  west  of  North  Yakima  and  next  to  the  Yakima  Valley  canal, 
which  takes  water  from  Naches  River.  The  elevation  is  between  1,250  and  1,750  feet,  and 
the  distance  from  North  Yakima,  the  nearest  transportation  point,  is  from  3  to  15  miks. 
Cowiche  Basin  is  a  very  fertile  valley  between  the  two  foris  of  Cowiche  Creejc,  at  from  1,570 
to  2,140  feet  elevation  and  8  to  18  miles  from  North  Yakima.  Portions  of  it  are  already 
partiaUy  irrigated  from  Cowiche  Creek.  Naches  Ridge  is  a  flat  ridge  between  Cowiche  Creek 
and  Naches  River,  about  2  miles  wide  and  11  miles  long.  The  elevation  is  from  1,500  to 
2,100  feet,  and  the  distance  from  North  Yakima  5  to  18  miles. 

Within  the  area  to  be  irrigated  is  considerable  land  on  which  no  vegetation  will  grow, 
with  shallow  soil  and  loose  rock  lying  on  top  of  solid  rock  and  hardpan.  This  land  has  been 
eliminated  from  the  scheme. 

The  water  is  to  be  taken  from  the  right  bank  of  Tieton  River  about  16  miles  above  the 
mouth  by  means  of  a  low  masonry  dam,  so  constructed  as  to  aUow  all  drift,  moving  silt, 
bowlders,  etc.,  to  readily  pass  over  during  high  water.  The  canal  line  for  a  distance  of  12 
miles  follows  along  a  very  steep  hillside,  involving  the  construction  of  a  lined  section  and  in 
places  short  tunnels  to  avoid  steep  rock  cliffs.  At  the  end  of  this  section  the  line  enters  a 
tunnel  3,100  feet  long  through  the  ridge  between  Tieton  and  Cowiche  valleys.  From  tkuB 
point  the  canal  will  begin  to  reach  irrigable  lands  and  will  be  divided  into  two  main  branches, 
the  left  one  irrigating  Naches  Ridge  and  the  right  canying  water  for  Cowiche  Basin  and 
Wide  Hollow.  The  right  branch  follows  an  easy  grade,  mostly  in  earth  construction,  for  11 
miles  to  a  point  opposite  South  Fork  of  Cowiche  Creek,  where  it  will  drop  to  Cowiche  Creek 
from  an  elevation  of  2,110  to  1,800  feet.  The  canal  will  be  taken  up  at  this  point,  cross 
Cowiche  Creek,  and  follow  a  very  irregular  hillside  to  the  summit  of  a  ridge  between  Cowidie 
Basin  and  Wide  Hollow.  This  line  from- Cowiche  Creek,  for  covering  lines  in  Wide 
Hollow,  would  be  in  about  equal  amounts  of  soil  and  rock. 

Surveys  in  the  field  have  been  completed  for  the  season  and  estimates  of  construction  are 
well  advanced.  The  cost  of  construction  per  acre  of  land  to  be  irrigated  will  be  high  as  com- 
pared with  other  lands  in  the  valley. 

All  of  the  water  in  the  Naches,  into  which  the  Tieton  flows,  has  been  used  or  appropriated 
for  irrigation  or  power,  though  only  one  small  canal  of  1  second-foot  capacity  takes  water 
from  Tieton  River.  It  will  be  necessary,  therefore,  to  replace  all  water  taken  from  the 
Tieton  during  August  and  September  with  water  stored  within  either  the  Naches  or  the 
Tieton  Valley.  The  only  two  reservoir  sites  which  have  been  found  are  Bumping  Lake,  on  a 
branch  of  the  upper  Naches,  and  McAllisters  Meadows,  on  Tieton  River.  The  former  has 
been  surveyed  and  is  believed  to  be  the  most  feasible. 

It  is  expected  that  this  land,  being  near  the  town  of  North  Yakima,  where  land  values 
have  been  well  established,  will  stand  a  high  chaise  for  water. 

SUNNYSIDE  SUBPROJECT. 

On  June  6, 1905,  the  Washington  Irrigation  Company  submitted  to  the  Secretary  of  the 

.  Interior  an  option  to  purchase  its  canal  and  lateral  system,  water  rights,  and  all  other 

property  pertaining  to  its  irrigation  system,  except  the  land  still  owned  by  the  company, 

for  which  it  was  to  retain  a  perpetual  water  right,  but  to  pay  the  usual  maintenance  fee  ol 
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$1  per  acre.  In  April,  1905,  a  board  of  consulting  engineers  made  an  examination  of  the 
property  and  recommended  that  a  survey  and  examination  be  made. 

The  work  of  investigation  was  begun  July  1,  1905.  It  was  not  considered  advisable  to 
go  to  any  expense  in  investigating  the  feasibility  of  taking  up  the  option  until  it  had  been 
settled  whether  the  Carey  land  selection  would  be  approved  or  disapproved.  This  selection 
is  a  checkerboard  of  even  sections  scattered  throughout  the  area,  which  could  be  irrigated 
by  an  extension  of  the  Sunnyside  canal  or  by  the  Leadbetter  scheme.  To  irrigate  the  lands 
not  included  in  the  State  selection  under  this  condition  would  be  manifestly  unfeasible. 
To  irrigate  the  State  lands  selected  under  the  Carey  act  by  works  constructed  imder  the 
reclamation  act  is  also  considered  unfeasible.  Alter  the  State  officials  had  in  public  meet- 
ing expressed  themselves  as  willing  to  relinquish  the  rights  of  the  State  if  the  Government 
should  construct  a  project  in  the  Yakima  Valley  it  was  decided  to  proceed  with  inves- 
tigations. 

All  lands  imder  the  Sunnyside  canal  have  been  classified  as  to  ownership,  water  rights, 
and  feasibility  of  irrigating.    The  conditions,  up  to  the  date  of  the  option,  were  as  follows: 

ClasaiJUxOion  of  lands  under  Sunnyside  canal. 

Acres. 

Lands  for  which  water  rights  have  been  sold 38, 800 

Lands  owned  by  the  company  for  which  they  retain  a  water  right,  about 9, 000 

Total  land  under  the  canal  that  would  not  pay  for  a  water  right 47, 800  , 

Lands  covered  by  the  existing  canal,  not  owned  by  the  company,  for  which 

water  rights  could  be  sold  by  the  United  States 21, 000 

Lands  that  can  be  reached  by  a  &-mile  extension  of  canal 3, 800 

Lands  that  can  be  reached  by  pumping  above  the  canal  for  which  water 

rights  could  be  sold 5,000 

Lands  that  can  be  reached  by  an  inverted  siphon  across  Yakima  River  for 

which  water  rights  could  be  sold 6, 700 

Total  Unds  that  could  pay  for  a  water  right 36, 500 

Total  irrigable  area  that  can  be  reached 84, 300 

This  does  not  include  the  lands  on  Rattlesnake  Flat  that  could  be  irrigated  by  an 
extension  of  the  canal,  as  it  is  considered  more  feasible  to  irrigate  these  lands  imder  the 
Leadbetter  subproject. 

Water  rights  under  the  canal  are  being  sold  for  $30  and  $40  per  acre,  with  a  mainte- 
nance fee  of  $1  per  acre  per  year. 

At  present  surveys  in  the  field  have  been  completed.  The  canal  has  been  cross  sectioned 
and  all  data  collected  which  are  essential  to  determine  the  cost  and  value  of  the  property 
and  the  cost  of  betterment  or  enlargement  for  irrigating  the  lands  under  the  canal  as  it 
exists  and  for  covering  additional  lands  that  can  be  reached.  Estimates  of  cost  and  a  report 
regarding  all  essential  features  of  the  condition  of  the  property  will  soon  be  complete. 

The  company  owns  one  of  the  oldest  water  rights  in  the  valley.  Its  appropriation  was 
1,050  second-feet  from  Yakima  River.  During  August,  1905,  it  diverted  an  average  of  626 
second-feet. 

LEADBETTER  SUBPROJECT. 

The  Leadbetter  subproject  contemplates  the  irrigation  of  about  210,000  acres  of  land 
— 180,000  acres  on  Rattlesnake  Flat,  between  the  Rattlesnake  Mountains,  Columbia 
River,  and  the  north  side  of  Yakima  River;  and  30,000  acres  along  the  south  side  of  Yakima 
River,  and  above  the  Kennewick  canal. 

It  is  proposed  to  divert  water  from  Yakima  River  by  building  a  dam  above  Prosser  Falls 
to  an  elevation  of  645  feet.  The  first  20  miles  of  canal  will  irrigate  but  little  land.  It  will 
follow  a  very  irregular  and  rocky  hillside  to  the  point  where  a  siphon  will  conduct  across  the 
Yakima  that  portion  of  the  water  required  to  irrigate  the  lands  on  the  south  side  of  the  river. 
For  the  next  12  miles  the  canal  will  follow  a  very  irregular  gravelly  hillside,  with  many  small 
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ravines  requiring  culverts.  At  the  end  of  the  thirty-second  mile  the  canal  wiU  branch  and 
begins  to  irrigate  the  main  body  of  land.  At  this  point  it  is  proposed  to  put  in  a  direct 
water-power  pumping  plant,  utilizing  the  power  that  can  be  developed  by  the  O^fooi  drop 
from  the  main  canal  to  lateral  B  for  pumping  a  portion  of  the  water  to  an  elevation  of  139 
feet  above  the  main  canal. 

The  relative  elevations,  capacities,  and  amount  of  land  covered  by  the  branch  canak  and 
main  line  are  as  follows: 

Capacity,  etc.,  ofLeadbetter  cancH. 


Name  of  lateral. 


Approx- 
imate 
elevation. 


Capacity. 


Area  cov- 
ered. 


Pumped  line 

Sxteosion  of  main  canal . 

Laterals 

Kennewick  branch 

Mainline: 

Siphon  to  drop 

Head  to  siphon 


Feet. 

'   750 

020 

551 

690 


8ec.-feet. 

410 

323 

1,448 

875 


AtTtM, 

32,800 
2S,840 
115,800 
30,000 

2,280 
1,«0 


Total  for  main  line. 


2,566 


208,120 


The  land  under  the  canal  varies  in  character  from  pure  blown  sand  from  the  beaches  of  the 
Columbia  to  the  best  of  loose  rich  soil.  But  two  sraaU  patches  of  60  and  40  acres  are  already 
irrigated.  Aside  from  lands  owned  by  the  Northern  Pacific  Railway,  and  one  body  of  about 
15,000  acres,  very  little  is  in  private  ownership.  The  farthest  distance  to  transportation 
from  any  point  in  the  irrigable  area  to  a  boat  landing  on  Columbia  River,  where  connection 
can  be  had  with  the  Northern  Pacific  Railway  at  Kennewick,  is  about  10  miles,  and  the 
average  distance  5  miles.  By  building  a  branch  line  from  Eiona,  through  the  center  of  the 
irrigated  area,  the  average  haul  could  be  reduced  to  3  miles.  The  land  lies  between  350  and 
640  feet  elevation  above  sea  level.  The  summer  season  is  long  and  hot.  Similar  land  at 
Kennewick  grows  four  good  crops  of  alfalfa  annually. 

KITTITAS  SUBPROJECT. 

The  scheme  known  as  the  Kittitas  subproject  contemplates  the  irrigation  of  about  60,000 
acres  of  land  surroimding  the  irrigated  district  in  Kittitas  basin.  The  highest  of  the  existing 
canals  \b  the  Cascade,  at  an  elevation  of  1,730  feet,  which  takes  water  from  the  left  bank  of 
Yakima  River,  at  the  mouth  of  the  canyon  between  Clealum  and  Elittitas  basins.  To 
irrigate  lands  above  this  canal  it  will  be  necessary  to  construct  a  canal  line  the  entire  distance 
of  6  miles  through  the  canyon  separating  these  two  basins,  involving  heavy  construction 
with  a  large  percentage  of  rock  excavation  on  very  steep  slopes.  One  route  taking  water 
from  the  right  bank  of  Yakima  River  near  Easton,  at  an  elevation  of  2,140  feet,  has  been 
carefuUy  surveyed.  This  line  involves  a  number  of  very  expensive  inverted  siphons,  which, 
with  the  excessive  length,  make  the  feasibility  doubtful.  Two  other  alternate  routes  taking 
water  from  Clealum  are  being  examined  in  order  to  obtain  sufficient  data  to  determine 
whether  a  more  feasible  route  may  be  obtained.  It  is  expected  that  estimates  will  be  soon 
completed,  which  will  determine  definitely  whether  a  project  in  this  basin  is  feasible. 

PRIEST  RAPIDS  PROJECT,  a 
SCOPE. 

The  Priest  Rapids  project  contemplates  the  irrigation  of  desert  land  lying  in  Douglas, 
Benton,  and  Franklin  counties,  in  the  central  part  of  Washington.  Tlie  area  is  distributed 
along  Columbia  River  between  Pasco  and  the  head  of  Priest  Rapids,  50  miles  above  Pasco. 


a  From  report  by  L.  J.  ('harlca. 
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ACCESSIBILITY. 

All  the  lands  lie  within  10  miles  of  the  Columbia,  which  is  navigable  from  Pasco  to  the 
foot  of  the  rapids  and  from  Trinidad  to  the  head  of  the  rapids,  giving  access  to  the  Northern 
Pacific  Railway  at  Pasco  and  the  Great  Northern  Railway  at  Trinidad. 

SUBDIVISIONS  OF  LAND. 

The  lands  to  be  covered  by  the  project  are  divided  into  three  separate  areas — the  Priest 
Rapids,  Pasco,  and  Rattlesnake  tracts.  The  Priest  Rapids  tract  lies  on  the  east  side  of 
Columbia  River,  in  Douglas  County,  bounded  on  the  north  and  east  by  the  Saddle  Moun- 
tains and  on  the  south  and  west  by  the  Columbia.  The  Pasco  tract  is  a  portion  of  the  area 
covered  by  the  Palouse  project  and  embraces  the  land  around  Pasco  bounded  on  the  north 
by  the  450-foot  contour  and  on  the  east,  south,  and  west  by  Snake  and  Columbia  Rivers. 
The  Rattlesnake  tract  is  on  the  west  side  of  the  Columbia  and  is  bounded  on  the  north 
and  east  by  that  river  and  on  the  south  and  west  by  the  Yakima  River  and  the  375-foot 
contour. 

CLIMATIC  CONDITIONS. 

The  growing  season  for  the  Pasco  and  Rattlesnake  areas  is  about  one  hundred  and  sixty- 
eight  days  between  killing  frosts.  The  Priest  Rapids  tract  is  even  more  favored,  as  it  is 
sheltered  by  mountains  from  sudden  or  severe  changes  in  temperature.  The  season  here 
extends  from  April  1  to  September  15. 

CLASSIFICATION  OF  LANDS. 

The  Priest  Rapids  tract  lies  in  a  series  of  benches.  The  lower  bench  is  sandy  and  can  be 
covered  by  a  gravity  canal.  The  other  benches  are  volcanic  ash  superimposed  on  a  gravel 
subsoil.    Three-fourths  of  the  tract  is  good  irrigable  land. 

The  Pasco  tract  is  a  volcanic  sand  and  the  soil  is  first  class,  being  free  from  alkali  and 
having  good  drainage. 

The  Rattlesnake  area  is  similar  to  the  Pasco  tract,  but  has  some  outcrops  of  basalt  rock 
near  the  north  end  and  drifting  sand  near  the  center.  The  bulk  of  the  area  is  of  good 
quality. 

ACREAGE. 

The  Priest  Rapids  tract  can  be  divided  into  five  sections,  as  shown  by  the  following 
table: 

Acreage  in  Priest  Rapids  trad. 


Lift. 


Line.  \  Length.      ^ 


Gravity,  0  feet 

Pumping,  100  feet. 
Pumping,  200  feet. 
Pumping,  300  feet. 

Total 


A 

B 
C 
D 


MOes. 
31.00 
25.43 
31.79 
57.66 


Acres. 
16,300 
13,680 
13,290 
46,950 


153.78 


90,220 


The  gross  acreage  under  the  project  is  as  follows: 

Acreage  under  Priest  Rapids  project. 

Acres.  . 

Priest  Rapids  tract 90, 220 

Pasco  tract 25,000 

Rattlesnake  tract 44,000 

Total 160,220 
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The  Rattlesnake  tract  is  a  portion  of  the  area  under  the  Leadbetter  subpioject  of  the 
Yakima  project,  and  may  be  considered  as  belonging  to  either  that  project  or  the  one  now 
onder  consideration. 

DISTRIBUTION  SYSTEM. 

These  tracts  may  be  irrigated  as  follows: 

The  Priest  Rapids  tract,  subdivision  A,  16,300  acres  by  gravity  canal,  the  remainder  by 
direct  pumping,  taking  the  water  for  irrigation  and  power  from  Columbia  River  above 
Priest  Rapids  and  dropping  the  necessaiy  amount  back  into  the  river  below  the  rapids, 
utilizing  this  drop  for  power. 

Tlie  Pasco  tract  would  be  irrigated  by  water  pumped  from  the  Columbia  by  electric 
power  generated  at  the  Priest  Rapids  power  house  and  transmitted  50  miles  to  the  pumping 
plant.    The  main  canal  would  be  25  miles  long. 

The  Rattlesnake  tract  can  be  covered  by  a  50-mile  gravity  canal  taken  out  of  the  main 
power  canal  or  an  extension  of  the  same,  and  carried  across  the  Columbia  on  a  bridge  in 
sec.  7,  T.  13  N.,  R.  24  £.  The  diversion  of  water  on  the  east  side  of  the  river  and  its  transfer 
across  the  river  was  proved  necessary  by  surveys  made  in  1904,  which  showed  the  diversion 
from  the  head  of  the  rapids  on  the  west  side  to  be  impracticable,  as  the  first  12  miles  of  grade 
line  lies  along  steep  slopes  and  basaltic  cliffs. 

The  Priest  Rapids  power  and  gravity  canals  are  on  gentle  slopes  and  would  probably 
encounter  no  rockwork.  The  canals  on  the  higher  levels  would  all  follow  around  a  steep  bluff 
for  4  miles.  The  remaining  portions  of  the  canals  are  on  gentle  slopes  containing  no  rock. 
The  Pasco  and  Rattlesnake  canals  would  encounter  no  sidehill  work.  The  Rattlesnake 
canal  would  have  a  small  percentage  of  loose  and  solid  rock  for  the  first  6  miles. 

POWER-HOUSB  LOCATIONS. 

Two  power-house  locations  have  been  considered.  The  first  of  these,  in  sec.  2,  T.  13  N., 
R.  23  E.,  would  require  6  miles  of  intake  canal.  The  foundations  of  the  power  plant  would 
be  on  solid  rook.  The  dischaige  mains  would  be  from  one-fourth  mile  to  1}  miles  long. 
From  this  site  it  would  be  impracticable  to  pump  to  a  greater  height  than  150  feet  on 
account  of  the  length  of  pressure  pipes  required  to  reach  hi^er  levels. 

The  second  power-house  site  is  near  the  eastern  boundaiy  of  sec.  1,  T.  13  N.,  R.  24  E. 
This  site  would  require  13.2  miles  of  intake  canal.  The  foundations  would  be  on  a  forma- 
tion of  large  bowlders.  The  pressure  mains  would  vaiy  in  length  between  300  and  1,000 
feet.    From  this  s'te  the  water  can  be  forced  up  300  feet. 

The  available  head  at  both  power  houses  would  be  practically  the  same — 54  feet.  Further 
study  of  the  height  of  the  river  during  the  season  of  heaviest  irrigation  demand  may  increase 
this  head  to  60  feet. 

INTAKE  CANAL. 

Water  can  be  diverted  at  a  point  in  sec.  28,  T.  15  N.,  R.  23  E.,  and  carried  to  either  power- 
house site  in  a  large  canal  whose  construction  would  probably  encounter  no  solid  rock  and 
be  in  nearly  level  cutting.  A  point  on  this  canal  line  in  sec.  33,  T.  15  N.,  R.  23  E.  (^ers  a 
very  favorable  position  for  regulating  gates,  and  by  diking  a  draw  in  sec.  35,  T.  14  N.,  R.  23 
E.  an  ample  settling  basin  can  be  provided.  The  Columbia  carries  very  little  silt  or  grit 
near  the  surface,  but  provision  will  have  to  be  made  to  keep  drifting  sand  out  of  the  wheels. 

SURVEYS  COMPLETED. 

In  1807  Mr.  H.  K.  Owens  made  surveys  of  the  Priest  Rapids  tract  for  the  Northern  Pacific 
Railway  Company  and  submitted  a  report  to  them  on  the  project.  The  first  investigation 
t)f  this  project  by  the  Government  was  made  by  Messrs.  O.  H.  Ensign  and  T.  A.  Noble  eaiiy 
in  the  summer  of  1904.  In  October,  1904,  the  first  party  was  put  in  the  field.  A  detail 
sheet  was  made  of  the  second  power-house  site  referred  to  above.  In  Februaiy,  1905,  the 
investigation  was  again  taken  up.  A  gage  board  was  established  at  Julia,  so  that  the  fluctu- 
ations of  the  river  could  be  recorded.    A  reconnaissance  was  made  to  detennine  the  locataon 
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and  capacity  of  any  reservoir  site  that  could  be  found  on  the  project  at  such  an  elevation 
that  part  of  the  pumping  could]continue  the  year  round  and  the  size  of  the  units  for  pumping 
be  decreased.  The  only  such  site  found  is  in  the  northeast  comer  of  T.  14  N.,  R.  24  E.  It 
would  be  formed  by  placing  a  dam  across  the  mouth  of  a  swale.  This  reconnaissance 
proved  that  no  reservoir  was  obtainable  that  would  not  be  prohibitive  on  account  of  cost. 

In  March,  1905,  contour  lines  were  run  out  to  determine  the  acreage  in  the  Priest  Rapids 
tract  under  each  100-foot  contour  up  to  400  feet.  At  this  time  a  plane-table  survey  of  the 
power  canal  was  made,  on  the  scale  of  1,000  feet  to  the  inch,  from  the  head  of  the  rapids  to 
the  second  power-house  site.  About  14  miles  of  topography  in  all  was  taken  and  a  profile 
of  the  river  made  from  the  head  of  the  rapids  for  the  same  distance  downstream.  From 
the  topographic  map  of  the  canal  line  the  selection  of  powei^house  site  No.  1  was  made  and 
the  characteristics  of  both  sites  determined.  In  June,  1905,  three  gage  boards  were  placed 
along  the  river,  one  at  the  head,  one  at  the  middle,  and  one  at  the  foot  of  the  rapids.  These 
are  to  give  the  variations  in  river  height,  and  from  their  readings  the  available  head  wlUbe 
determined.  This  concludes  all  the  surveys  so  far  made,  and  all  estimates  are  based  on  the 
information  thus  obtained. 

BIG  BEND  PROJECT. 

The  only  sources  of  water  supply  available  for  the  irrigation  of  the  large  area  of  land 
lying  in  the  Big  Bend  of  Columbia  River  are  Spokane  River  and  Coeur  d'Alene  Lake.  The 
enormous  expense  involved  in  the  diversion  of  water  from  either  of  these  sources  far  exceeds 
the  funds  available  for  this  purpose,  and  for  this  reason  no  field  work  on  this  project  has 
been  done  during  the  past  year. 

PAIiOUSE  PROJECT. 

About  100,000  acres  of  land  in  the  vicinity  of  Pasco,  l3ang  between  Columbia  and 
Snake  rivers,  may  be  irrigated  from  Palouse  River.  Active  investigation  was  begun  May 
1,  1904,  under  the  direct  charge  of  C.  Andersen.  Storage  reservoirs  were  located  and 
studied,  one  on  the  main  river  below  Hooper;  one  on  Rock  Creek,  a  tributary  of  the  Palouse ; 
one  on  Hangman  Creek,  a  tributary  of  the  Spokane;  and  one  in  Washtucna  Coulee,  below 
the  point  of  diversion  on  the  main  river.  Plane-table  surveys  were  made  of  canal  loca- 
tions and  of  the  irrigable  lands.  Borings  were  made  and  test  pits  dug  at  the  various  pro- 
posed dam  sites  and  along  the  lines  of  canal,  and  careful  estimates  were  prepared.  A 
board  of  consulting  engineers,  consisting  of  A.  P.  Davis,  A.  J.  Wiley,  P.  C.  Henny,  and 
T.  A.  Noble,'  considered  the  project  in  April,  1905,  and  recommended  that  for  the  present 
DO  further  work  be  done  on  it  for  the  following  reasons: 

(1)  The  most  important  feature  of  the  project,  the  Washtucna  reservoir,  with  a  capacity 
of  200,000  acre-feet,  is  of  doubtful  feasibility ,  owing  to  the  character  of  the  rock  underlying 
the  gravel  bottom.  (2)  The  porous  character  of  the  ground  in  which  the  canals  were  to 
be  excavated  would  necessitate  concrete  lining  for  long  distances,  to  prevent  excessive 
seepage.  (3)  The  sandy  character  of  the  soil  of  the  irrigable  lands,  in  connection  with 
climatic  conditions  and  unavoidable  seepage  in  main  canals  and  laterals,  would  necessitate 
provision  for  an  unusually  laige  supply.  (4)  The  cost  per  acre  of  irrigated  land  mi^t 
be  estimated  at  $63.  (5)  The  entire  estimated  cost  of  16,300,000  exceeds  greatly  the 
amount  of  money  available  for  construction  in  the  State  of  Washington,  and  partial  con* 
struction,  with  gradual  extension  of  the  irrigated  area,  is  impracticable. 

CHEIiAN  PROJECT. 

The  attractive  poflsibilities  of  developing  cheap  water  power  at  Chelan,  for  electric  trans- 
mission to  pumping  plants  along  Columbia  River,  have  led  to  a  preliminary  investigation 
and  to  the  withdrawal  from  entry  of  unpatented  lands  lying  along  Lake  Chelan  and  Chelan 
River,  between  the  Washington  Forest  Reserve  and  Columbia  River.  A  reconnaissance 
survey  is  in  progress,  and  complete  investigation  may  be  desirable  at  an  eariy  date. 
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By  H.  N.  Savage. 
8H08HONIC  PROJECT.o 

Reports  concerning  the  earlier  work  on  the  Shoshone  project  may  be  found  in  the  Second 
Annual  Report  of  the  Reclamation  Service,  pages  d07-510|  and  in  the  Third  Annual  Report, 
second  edition,  pages  626-631. 

TOPOGRAPHIC  SURVEYS. 

In  May,  1905,  a  party  was  organized  for  the  purpose  of  completing  the  topographic  work 
begun  in  September,  1904,  on  the  south  side  of  Shoshone  River.  This  work  covers  an 
area  of  about  24,000  acres  of  irrigable  land,  which  bad  been  segregated  by  the  State  of 
Wyoming  under  the  provisions  of  the  Carey  act,  and  which  during  the  present  year  has  been 
relinquished  to  the  United  States  by  the  State  land  board.  The  topographic  survey  of 
this  land  was  completed  in  September,  1905.  There  is  now  a  complete  topographic  map, 
on  a  scale  of  1,000  feet  to  the  inch,  with  contour  interval  of  10  feet,  of  the  entire  area  of 
irrigable  land  under  the  project  as  now  planned.  This  map  is  of  great  value  in  making 
preliminary  locations  of  all  canal  lines,  headgates,  and  other  structures  for  the  distributing 
system,  and  for  all  purposes  where  a  thorough  study  of  the  topography  is  necessary. 

CORBETT  TUNNEL. 

The  final  location  of  the  Corbett  tunnel  has  been  decided  (PI.  LVIII),  and  borings  have 
been  made  along  the  tunnel  line  for  the  purpose  of  determining  the  probable  character  of 
the  material  that  would  be  encountered  in  driving  the  tunnel.  The  borings  indicate  that 
the  material  is  shale  and  sandstone,  and  that  concrete  lining  will  be  necessary.  The  tunnel 
will  head  in  Shoshone  River  opposite  Corbett  station,  on  the  Cody  branch  of  the  Chicago, 
Burlington  and  Quincy  Railroad,  the  water  being  diverted  into  the  tunnel  by  a  weir  17 
feet  high  and  about  600  feet  long.  The  line  of  tunnel  is  parallel  to  the  general  direction  of 
the  bluffs  along  the  river,  and  at  several  points  is  close  enough  to  them  for  adits  to  be 
excavated  from  the  faces  of  the  bluffs  to  the  tunnel.  This  will  give  a  means  of  dividing 
the  tunnel  into  several  short  sections  for  construction  purposes.  The  lower  portal  of  the 
tunnel  wiU  be  in  a  ravine  about  17,000  feet  from  the  upper  portal  in  Shoshone  River,  this 
being  approximately  the  total  length  of  the  tunnel.  The  area  of  the  cross  section  of  the 
tunnel  will  be  100  square  feet,  and  its  capacity  1,000  second-feet.  At  a  point  in  the  ravine 
above  referred  to,  about  1,000  feet  below  the  lower  portal  of  the  tunnel,  will  be  con- 
structed an  earth  embankment  40  feet  in  height,  150  feet  in  length  on  top,  upstream  slope 
3  to  1,  riprapped  10  feet  below  the  surface  of  the  water,  downstream  slope  2  to  1,  top  width 
10  feet.  This  embankment  will  form  a  settling  basin  (PI.  LIX)  in  which  practically  all 
silt  passing  through  the  tunnel  will  be  deposited,  so  that  the  water  will  pass  into  the  main 
canal  comparatively  free  from  silt.  A  spillway  will  be  constructed  across  a  ridge  between 
the  settling  basin  and  Shoshone  River;  through  this  spillway  all  surplus  water  that  may 
enter  the  settling  basin  from  drainage  tributary  to  it  will  be  discharged,  and  it  will  also 
serve  as  a  regulator  for  the  water  entering  the  canal,  the  crest  of  the  spillway  being  at  the 
same  elevation  as  the  surface  of  the  water  in  the  canal.  A  sluicing  tunnel  4  by  5  feet  in 
cross  section  and  about  250  feet  long  will  be  constructed  through  a  ridge  on  the  opposite 


a  From  report  by  Jeremiah  Ahem. 
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side  of  the  embankment  from  the  spillway  for  the  purpose  of  sluicing  out  the  silt  that  will 
accumulate  in  the  basin  (PL  LX). 

On  September  6,  1905,  bids  for  the  construction  of  the  Corbett  tunnel  were  opened  at 
Billings.  Five  bids  were  received,  the  lowest  ($594,325)  being  that  of  Charles  Spear,  of 
Billings,  Mont.,  to  whom  the  contract  was  awarded  September  16, 1905.  The  following  is 
a  schedule  of  the  bids  received: 

Bids  received  for  the  construction  of  Corbett  ttmndf  Shoshone  project,  Wyoming, 


Work  or  material. 


Quan- 
tity. 


Tunnel,  including  lining,  linear 
feet 


Open-cut  excavation,     cubic 
yards 

Dry-rock  paving  in  place,  cu- 
bic yards , 

Gravel  filling  under  rock  pav- 
ing, cubic  yards , 


Concrete    in    portals,    cubic 
yards 


Placing  material  in  embank- 
ment, cubic  yards 


Sluicing  tunnel,  lined,  linear 
leet 


Sluicing-tunnel    shaft,    pipe, 
gate,  and  gatehouse , 


17,000 
28,000 
600 
260 
400 
19,000 
250 


Chas.  Spear,  Bil- 
lings, Mont. 


Unit 
price. 


133.00 

.60 

3.00 

1.60 

7.00 

.36 

20.00 


Total. 


Amount. 


$561,000.00 
14,000.00 
1,600.00 
376.00 
2,800.00 
6,650.00 
5,000.00 
3,000.00 


604,325.00 


J.  O.White  A  Co., 
New  York  City. 


Unit 
price. 


133.60 

.30 

3.20 

.40 

7.80 

.45 

10.30 


Amount. 


$571,200.00 
10,920.00 
1,600.00 
100.00 
3,120.00 
8,650.00 
2,676.00 
1,685.00 


509,750.00 


Patrick  McDonnell, 
Duluth,  Minn. 


Unit 
price. 


$34.00 

.60 

5.00 

1.00 

6.00 

.40 

30.00 


Amount. 


$578,000.00 
16,800.00 
2,500.00 
260.00 
2,400.00 
7,600.00 
7,500.00 
5,000.00 


020,050.00 


Work  or  material. 


Tunnel,  including  lining linear  feet. . 

Open-cut  excavation cubic  yards. . 

Dry-rock  paving  in  place do 

Gravel  filling  under  rock  paving do 

Concrete  in  portals do 

Placing  material  In  embankment do 

Sluicing  tunnel,  lined linear  feet. . 

Slnidng-tunnel:  shaft,  pipe,  gate,  and  gate- 
house  


Total. 


Quan- 
tity. 


W.    C;    Bradbury,  l  Rod.    D.    Leggato, 
Denver,  Colo.  *  Butte,  Mont. 


Unit 
price. 


17,000 
20,000 
500 
250 
400 
19,000 
250 


$39.75 
.26 

aoo 

.76 

6.00 

.30 

23.00 


Amount. 


i   Unit 


price. 


$676,750.00  '  $45.00 

7,ooaoo        .25 

1,600.00        2.26 

187.60 
2,400.00 
6,700.00 
6,750.00 


2,250.00 


1.00 

aoo 

.30 
22.00 


700,637.60  I 


Amount. 


$766,000.00 
7,000.00 
1,126.00 
250.00 
3,200.00 
6,700.00 
6,60a00 

3,000.00 


790,776.00 


CANALS. 

The  main  low-line  canal  wiU  head  at  the  settling  basin  and  extend  nearly  to  Frannie 
station,  on  the  Ckxly  branch  of  the  Chicago,  Burlington  and  Quincy  Railroad,  a  distance  of 
42  miles.  It  wiU  have  a  capacity  of  1,000  second-feet  for  the  first  9  miles,  decreasing  in 
size  as  the  distributing  canals  leave  it.    The  final  location  of  this  canal  has  been  made. 

The  preliminary  location  of  aU  the  distributing  canals  covering  the  land  in  the  vicinity 
of  Garland  and  the  final  location  of  several  of  them  have  been  made.  This  distributing 
system  will  cover  the  land  known  as  the  Garland  flat,  an  area  of  about  50,000  acres.  The 
portion  of  the  main  canal  extending  from  Garland  to  Frannie,  with  its  distributing  system — 
not  yet  finally  located — ^will  cover  approximately  30,000  acres  in  the  vicinity  of  Frannie. 
H.  Doc.  86,  69-1 24 
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SOIL  SURVEY. 

A  soil  survey,  under  the  direction  of  the  engineer  of  soils,  was  started  in  September  and 
win  be  completed  during  the  present  year.  The  result  of  this  survey  wiU  determine  the 
size  of  the  farm  units. 

SHOSHONE  RESERVOIR. 

A  survey  of  the  5,370-foot  contour,  which  is  10  feet  above  the  crest  of  the  spillway,  has 
been  completed,  the  original  survey  of  the  reservoir  extending  only  to  the  5,350-foot  contour. 
The  capacity  of  the  reservoir  to  the  5,360-foot  contour — the  flow  line— will  be  456,000  acre- 
feet.  Contracts,  subject  to  the  approval  of  the  Secretary  of  the  Interior,  have  been  made 
for  the  purchase  of  2,919  acres  covered  by  the  reservoir.  Negotiations  are  in  progress  for 
the  purchase  of  the  remaining  1,320  acres. 

BORINGS. 

BORINGS   AT  DAM  SrTB. 

Diamond-drill  borings  at  the  dam  site  continued  from  November  1, 1904,  to  May  31, 1905, 
two  drills  being  used,  one  operated  by  steam,  the  other  by  hand.  Great  difficulty  was 
experienced  in  getting  the  casing  down  through  the  gravel  and  large  bowlders  overiying  the 
bed  rock,  the  size  of  the  bowlders  passed  through  vaiying  from  a  few  feet  up  to  28  feet. 
On  December  9, 1904,  boring  No.  4  entered  bed  rock  at  a  depth  of  88  feet  below  the  bottom 
of  the  channel.  The  boring  was  continued  into  the  bed  rock  for  83  feet,  making  a  total 
depth  of  171  feet  from  the  bottom  of  the  channel  to  the  bottom  of  the  boring.  Other  bor- 
ings were  made  farther  downstream,  and  a  location  was  selected  for  the  dam  where  the 
average  indicated  depth  to  bed  rock  is  about  65  feet  below  the  bottom  of  the  channel.  The 
bed  rock  encountered  in  all  borings  is  a  very  bard  granite.  A  total  of  15  holes  were  put 
down  from  26  feet  to  83  feet  into  bed  rock,  the  total  distance  through  gravel  and  bowlckrs 
being  819  feet  and  into  bed  rock  408  feet. 

BORINGS   AT  OORBETT  DIVERSION. 

Wash  borings  made  at  the  Corbett  diversion  indicate  that  the  material  under  the  river 
channel  is  shale  and  sandstone  in  alternate  layers,  overlain  with  about  10  feet  of  gravel. 
This  is  satisfactory  material  for  the  foundation  of  the  diverting  weir. 

BORINGS   AT  WTLLWOOD  DIVERSION. 

The  Willwood  diversion  is  a  point  on  Shoshone  River  about  6  miles  below  the  Corbett 
diversion.  Here  it  is  proposed  to  divert  water  for  the  purpose  of  reclaiming  the  land  on  the 
south  side  of  Shoshone  River.  The  borings  indicate  that  a  suitable  foundation  on  sand- 
stone for  a  diverting  weir  exists  a  few  feet  below  the  bottom  of  the  channel. 

SHOSHONE  DAM. 

The  location  selected  for  the  Shoshone  dam  is  a  goi^  in  solid  granite,  about  70  feet  wide 
at  the  bottom  of  the  river  channel  and  200  feet  wide  at  an  elevation  of  250  feet  above  the 
channel  (PI.  LXI).  These  conditions  seem  to  call  for  a  type  of  dam  other  than  that  of  a 
gravity  section.  In  order  to  control  the  entire  flow  of  the  stream  it  was  found  that  a  dam 
240  feet  in  height  above  the  bottom  of  the  channel,  or  305  feet  in  hei^t  above  the  lowest 
point  of  the  foimdation,  as  indicated  by  the  borings,  would  be  required.  After  a  careful 
consideration  of  the  problem  by  a  board  of  engineers,  an  arched  dam,  the  radius  of  the  center 
of  the  top  being  150  feet,  was  decided  on.  The  cross  section  adopted  is  of  the  following 
dimensions:  Top  width,  10  feet;  batter  of  upstream  face  from  top  of  dam  to  stream  bed 
(245  feet),  15  per  cent;  batter  of  downstream  face  for  same  vertic^  distance,  25  per  cent; 
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from  the  stream  bed  to  foundation  (00  feet)  both  faces  are  vertical;  width  of  bottom  of  sec- 
tion of  dam,  108  feet  (PI.  LXII).  The  dam  will  be  constructed  of  concrete,  in  which  pieces 
of  granite  rock  weighing  from  25  to  200  pounds  will  be  placed  by  hand  and  rammed  until 
well  bedded.  These  rocks  will  be  distributed  uniformly  throu^out  the  dam  and  will  form 
at  least  26  per  cent  of  its  volume. 

Plans  and  specifications  for  the  construction  of  the  Shoshone  dam  were  prepared  during 
the  year  under  the  direction  of  a  board  of  engineers.  On  September  5,  1905,  at  Billings, 
Mont.^  bids  for  its  construction  were  opened.  Five  bids  were  received,  the  lowest  ($515,790) 
being  that  of  Prendei^gast  &  Clarkson,  of  Chicago.  On  September  18,  1905,  the  contract 
was  awarded  to  the  above  firm. 

Bids  TtoeivedfcT  ike  cotutnuHon  of  Shoshone  danif  Shoshone  project,  Montana. 


Work  or  material. 


tlty. 


Piendeigast  & 
Qarluoii,  Chi- 
cago, HI. 


Unit 
prioe. 


Amount. 


Patrick  McDon- 
nel,  Duluth, 
Minn. 


Unit 
price. 


Amount. 


ChA8.  Spear,  Bil- 
lings, Mont. 


Unit 
price. 


Amount. 


Concrete: 

Base  of  dam  .cubic  yards. . 

Dam  above  base d<^ — 

Outlet  tunnel linear  feet. . 

Temporary  diverting  works. . . 

Excavation  for  foundation  of 
dam: 

Class  1 cubic  yards . . 

Class  2 do 

Class  3 do. 

Class  4 do. 

Spillway: 

Open-cutezoavation,cubic 
yards 

Tunnel  excavation,  cubic 
yards 

Road  tunnel linear  ftet. 


19,000 
50,000 


K75 

4.00 

3&00 


32,000 
3,000 
1,000 
6,000 


28,000 

7,000 
150 


LOO 
2.50 
Z.80 
2.00 


1.05 

5.50 
26.00 


IOO,2GaOO 

2oo,ooaoo 

17, 28a  00 

37,ooaoo 

51,20a00 

7,5oaoo 
3,5oaoo 

12,000.00 

54,60a00 
38,50a00 

3,9oaoo 


K25     180,750.00 
4.25     212,500.00 

24,ooaoo 
60,ooaoo 


50.00 


$7.50 
5.75 

saoo 


a25 

3.50 
3.50 
3.50 


1.26 


9.00 
4a  00 


Total. 


515,730.00   620,250.00 


104,000.00 

io,5oaoo 
3,5oaoo 

21,000.00 


35,000.00 

63,000.00 
6,000.00 


2.00 
2.00 
2.00 
2.00 

1.20 

2.50 
18.00 


$142,500.00 

287,500.00 

14,400.00 

45,ooaoo 


64,000.00 
6,000.00 
2,000.00 

12,000.00 

33,60a00 

17,500.00 
2,700.00 


627,20a00 


Work  or  material. 


tity. 


W.  C.  Bradbury, 
Denver,  Colo. 


Unit 
price. 


Amount. 


J.  O.  White  &  Co. 
New  York  City. 


Unit 
price. 


Amount. 


Concrete: 

Base  of  dam cubic  yards. 

Dam  above  base do... 

Outlet  tunnel linear  feet. 

Temporary  diverting  works 

Excavation  for  foundation  of  dam: 

Class  1 cubic  yards. 

Class  2 do... 

Class  3 do... 

Class  4 do... 

Spillway: 

Open-cut  excavation do . . . 

Tunnel  excavation do... 

Road  tunnel linear  ftot. 

Total 


19,000 

50,000 

480 


$7.26 

6.25 

5a  00 


32,000 
3,000 
1,000 
6,000 

28,000 

7.000 

150 


4.50 
6.00 
&00 
4.00 

L30 

4.40 

27.00 


$137, 75a  00 
312,50a00 
26,88a  00 

48,ooaoo 

144,000.00 

i5,ooaoo 
8,()oaoo 

24,000.00 

36,400.00 
30,800.00 
4,060.00 

787,380.00 


K50 

3.60 

50.00 


2.26 
3.00 
4.50 
a50 

1.96 
a50 
36.00 


$86,60a00 
176,000.00 
24,000.00 
44,506.00 

72,ooaoo 

9,000.00 

4,5oaoo 
39,ooaoo 

54,60a00 
46,50a00 
5,26a  00 

668,866.00 


Digitized  by  VjOOQ IC 


360         POUBTH   ANNUAL   REPORT   OF   RECLAMATION   SERVICE. 

A  spillway  900  feet  long,  ooonected  with  a  tunnel  20  by  20  feet  in  croes  seetian  and  about 
500  feet  long,  will  be  constructed  on  the  left  side  oi  the  river  for  the  purpose  of  dischaiging 
surplus  flood  waters.  The  sfHllway  tunnel  will  discharge  into  the  river  100  feet  below  the 
lower  toe  of  the  dam,  and  will  have  a  capacity  of  20,000  second-feet. 

An  outlet  tunnel  10  by  10  feet  in  cross  section  and  about  480  feet  long  will  be  constructed 
around  the  dam  on  the  ri^^t  bank  of  the  river.  The  elevation  of  the  floor  of  the  tunnel  at  its 
inlet  will  be  10  feet  above  the  bottom  of  the  reservoir.  (PI.  LXUI.;  Hiis  tunnel  will  be 
constructed  before  work  on  the  dam  begins,  and  when  completed  will  be  used  for  conveying 
the  water  around  the  dam  site  during  the  oonstructicMi  of  the  dam.  Designs  of  various 
types  of  gates  for  controlling  the  flow  of  water  through  the  outlet  tunnel  are  being  made  for 
the  consideration  of  a  board  of  engineers. 

WAGON  ROAD. 

Work  on  the  wagon  road  through  Shoshone  Canyon  was  continued  from  November  1, 
1904,  to  July,  1905,  when  it  was  completed.  For  about  one-half  mile  the  construction 
involved  very  heavy  rock  work.  On  this  portion  of  the  road  are  two  short  tunnels.  Over 
this  road  construction  materials  will  be  hauled  to  the  dam  site  from  Cody  station,  and  after 
the  construction  o'  the  dam  it  will  be  utilized  as  a  portion  of  the  road  from  Cody  to  the 
Yellowstone  National  Park,  replacing  the  portion  of  the  present  road  which  will  be  covered 
by  the  reservoir. 

EXPENDITURES. 

The  expenditures  on  the  Shoshone  project  to  September  90, 1905,  for  preliminary  exam- 
ination, final  surveys,  design  of  structures,  construction  of  canyon  road,  construction  of 
office  buildings,  quarters  and  storehouses,  and  administration  were  $162,944.99. 

jyE  8MET  PROJECT. 

Since  the  last  report  no  surveys  have  been  made  on  this  project,  but  stream  gagLn^s  have 
been  carried  on  continuously.  At  the  time  of  the  original  surveys  and  report,  sufficient 
stream  gagings  had  not  been  made  to  determine  the  quantity  of  water  available. 


Digitized  by  VjOOQ IC 


U.  8.  QEOLOOrCAL  SURVEYjnnq^l  repqrT  RECLAMATION  SERVICE    PL.  LXIII 


SPILLWAY    TUNNEL 


-^1 


NNEL  ROAD    TUNNEL 

C3S    SECTIONS    OF    TUNNELS 


SCALE    OF    FEET 

>                   5 
. L— . 


10 


15 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


POWER  DEVELOPMENT  AND  PUMPING. 

In  connection  with  a  number  of  projects,  power  development  and  pumping  invefltigations 
have  been  prosecuted.  In  some  cases  power  may  be  developed  at  the  outlet  of  storage 
reservoirs,  or  at  drops  in  main  canals,  and  transmitted  electrically  to  points  where  it  may 
be  utilized  to  supply  water  for  additional  irrigation  by  pumping  from  wells,  from  streams, 
from  low-line  canals  to  high-line  canals,  or  from  storage  reservoirs  for  distribution  to  lands 
out  of  reach  of  gravity  systems.  Power  is  necessary  in  some  cases  to  pump  seepage  water, 
that  lands  may  be  drained  of  water  which  has  come  from  the  irrigation  of  lands  at  a  higher 
elevation. 

Some  projects  that  have  been  investigated  depend  whoUy  on  pimiping  to  get  the  water 
upon  the  land.  For  one  class  of  these  projects  it  is  contemplated  to  develop  power  where- 
ever  natural  water-power  sites  exist  near  a  proposed  project,  and  to  utilize  the  power 
either  by  directly  connecting  water  wheels  to  the  pumps  or  by  transmitting  it  to  a  distance 
and  pumping  by  means  of  motor-driven  pumps. 

For  another  class  it  is  contemplated  to  install  steam-power  plants  where  cheap  fuel  in 
the  form  of  coal  op  oil  can  be  found,  to  pump  water  from  a  large  system  of  wells  sunk 
where  the  underground  supply  of  water  is  abundant  and  reliable,  or  from  any  other  source 
of  water,  such  as  lakes  or  rivers.  In  some  places  these  plants  can  pump  the  water  directly; 
in  others  the  power  must  be  transmitted  considerable  distances. 

In  many  projects  it  is  necessary  to  construct  some  sort  of  a  power  plant  to  cheapen  the 
cost  of  construction  work  of  such  structures  as  dams,  tunnels,  etc. 

The  study  of  the  power  development  and  pumping  features  of  the  several  projects  is 
under  the  direction  of  Mr.  H.  A.  Storrs,  for  the  Atlantic  slope,  and  of  Mr.  O.  H.  Ensign, 
for  the  Pacific  slope.  The  work  of  these  engineers  consists  in  investigating  the  power  and 
pumping  possibilities  and  in  preparing  designs  and  estimates  of  the  cost  of  power  plants, 
transmission  systems,  wells,  pumping  plants,  fuel  supplies,  etc. 

The  principal  power  and  pumping  projects  thus  far  investigated  are  briefly  outlined  below: 

Arizona. — In  connection  with  the  Salt  River  project,  designs  have  been  worked  out  for 
a  permanent  power  plant  at  the  Tonto  dam  for  generating  3,600  kilowatts  or  more,  as 
may  be  found  necessary,  to  be  transmitted  electrically  to  Salt  River  Valley,  there  to  be 
used  for  pumping  water  from  weUs  for  irrigation. 

Power  may  be  obtained  by  utilizing  water  diverted  from  the  Salt  River  above  the  reser- 
voir and  delivered  to  the  power  plant  by  a  power  canal  located  above  the  water  line  of  the 
reservoir  when  full,  and  also  from  the  water  drawn  directly  from  the  reservoir.  All  the 
wat^r  will  be  utilized  for  irrigating  purposes.  The  power  canal  is  about  completed  and 
the  apparatus  for  the  temporary  water-power  plant  is  now  being  installed  and  wiU  soon  be 
in  operation. 

A  temporary  steam  plant  has  been  in  operation  for  over  a  year,  and  since  February  has 
furnished  power  to  the  cement  miU  for  running  it  at  about  one-half  capacity.  This  plant 
will  be  shut  down  as  soon  as  the  water-power  plant  is  put  into  operation. 

Specifications  have  been  advertised  and  issued  covering  water  ^eels  and  generators 
for  the  permanent  plant,  one  unit  of  which  is  to  be  purchased  and  installed  as  soon  as  the 
work  on  the  dam  has  progressed  sufficiently  far  to  allow  this  to  be  done.  This  imit  is  needed 
to  insure  a  continuous  supply  of  power  throu^^out  the  construction  work  on  the  dam. 
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Estimates  of  the  fin*!  cost  of  the  power  and  pumping  features  of  the  Salt  River  project 
have  been  prepared,  the  final  cost  to  depend  upon  the  extent  to  which  it  is  found,  by  actual 
development,  the  pumping  system  can  he  carried,  the  expenditure  to  be  proportionate  to 
the  amount  of  water  developed  by  pumping. 

Calif amia. — Preliminary  designs  and  estimates  for  a  power  plant  of  1,200  kilowatts 
have  been  prepared,  to  be  placed  at  a  drop  in  the  main  canal  of  the  Elaouith  project.  The 
power  is  to  be  transmitted  about  3}  miles  and  used  to  pump  water  from  Lost  River  to  about 
10,000  acres  of  land  lying  above  the  main  canal. 

Some  consideration  has  been  given  to  the  possibility  of  developing  power  on  Klamath 
River  below  Keno  and  transmitting  the  power  electrieatty  to  drive  pumps  for  raising  water 
to  Butte  Valley.  Surveys  have  not  yet  been  carried  far  enou|^  to  permit  estimates  to  be 
prepared. 

Idaho. — ^As  a  result,  of  detailed  study  of  local  conditions  and  comparative  estimates  of 
cost  of  various  designs  for  the  fore  bay,  power  plant,  and  tailrace  to  be  located  at  the 
diversion  dam  of  the  Minidoka  project,  the  eariier  plans  for  a  long  fore-bay  canal  from  the 
dam  to  a  power  plant  located  about  half  a  mile  downstream  were  modified,  and  provision 
has  been  made  in  the  design  and  construction  of  the  diversion  channel  to  enable  the  future 
power  plant  to  be  erected  immediately  below  the  masonry  dam  which  spans  the  diversion 
channel.  Gate  openings  for  the  penstocks  of  the  generating  units  have  been  provided  in 
the  dam,  and  the  diversion  channel  has  been  widened  and  deepened  to  provide  an  adequate 
tailrace  for  a  power  plant  containing  six  units,  each  dischai;ging  GOO  cubic  feet  per  second 
and  developing  2,600  electrical  horsepower  under  50ieet  head. 

The  plans  as  developed  contemplate  the  erection  of  an  electric  generating  station  as 
described  above,  the  erection  of  a  transmission  line  about  12  miles  long  to  pumping  stations 
on  the  south  side  of  Snake  River,  and  the  installation  of  pumping  machinery,  consisting  of 
electric  motors  direct  connected  to  centrifugal  pumps.  About  7,000  horsepower  would 
thus  be  utilized  in  pumping  water  for  about  52,000  acres  which  lie  too  high  (o  be  reached 
by  gravity  canals.  The  power  would  be  procured  without  wasting  water,  sjnce  the  prior 
rights  of  irrigators  lower  down  the  Snake  River  require  that  the  water  to  which  they  are 
entitled  be  aUowed  to  pass  the  Minidoka  dam  throughout  the  irrigating  season.  Hence 
the  power  needed  for  pumping  purposes  can  be  obtained  at  the  bare  cost  of  inst^jHing  the 
necessary  water  wheels  to  handle  the  water  discharged  under  the  pressure  head  due  to 
the  diversion  dam.  The  diversion  dam  having  been  built  to  raise  the  water  into  the  grav- 
ity canals,  its  entire  cost  is  chargeable  to  the  lands  supplied  by  gravity.  Hence  the  lands 
to  be  reached  by  pumping  can  be  brought  under  irrigation  at  a  cost  per  acre  for  power 
and  pumping  plants  and  canal  systems  no  greater  than  the  cost  per  acre  for  the  gravity 
works.  Plans  and  estimates  of  the  power  and  pumping  system  have  been  worked  out  in 
some  detail. 

Under  the  Payette-Boise  project  the  construction  of  the  proposed  diversion  dam  in  Boise 
River  will  afford  water  power  which  could  be  developed  by  installing  an  electric  generating 
station  to  utilize  the  water  which  must  pass  the  dam  to  supply  the  canal  systems  farther 
downstream.  With  the  proposed  height  of  the  dam  a  head  of  28  feet  would  be  secured, 
and  the  minimum  quantity  of  water  available  would  be  400  cubic  feet  per  second.  This 
would  yield  about  1,000  dectrical  horespower,  which  may  be  used  for  pumping  water  or 
for  commercial  purposes  in  and  near  the  city  of  Boise. 

In  order  that  provision  might  be  made  to  utilize  this  power  when  the  dam  shall  be  con- 
structed, plans  and  estimates  for  an  electric-power  plant  have  been  prepared. 

Karisas. — ^The  Garden  City  project,  described  elsewhere,  contemplates  pumping  water 
from  about  230  weUs,  arranged  in  groups  of  ten,  by  using  electrically  operated  centrifugal 
pumps.  Power  would  be  distributed  to  about  23  pumping  stations  from  a  central  electric- 
generating  station.  Plans  and  estimates  have  been  made  comparing  various  types  of 
prime  movers,  electrical  apparatus,  and  pumping  units.  The  aim  has  been  to  combine 
low  first  cost  and  reliability  with  flexibility  and  economy  of  operation.  Colorado  lignite 
and  crude  oil  are  available  for  fuel.    Part  of  the  water  pumped  will  pass  throu|^  the  gen- 
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erating  plant  to  be  used  for  condeDsing  and  cooling  purposes.  It  is  planned  so  to  design 
the  system  that  the  speed  of  the  pumps  can  be  controlled  from  the  central  station. 

By  the  use  of  the  proposed  special  types  of  apparatus  a  very  efficient  system  is  assured 
and  the  cost  of  the  item  of  labor  will  be  reduced  to  a  minimum. 

Montana. — ^During  the  winter  of  1904  plans  for  a  pumping  plant  on  the  Huntley  project, 
to  be  located  at  the  first  drop  in  the  main  canal,  about  14  miles  below  the  heculworks,  were 
prepared  by  H.  A.  Storrs,  electrical  and  mechanical  expert,  at  Denver,  working  with  W.  E. 
Swift,  engineer  of  the  project,  under  the  direction  of  H.  N.  Savage,  supervising  engineer. 
The  plans  call  for  two  units,  consisting  of  water  wheels  connected  directly  to  the  pumps 
which  they  drive.  Tlie  required  power  is  obtained  by  passing  through  the  wheeb  the 
water  to  be  used  for  irrigation  bn  lands  lower  down  on  the  canal.  The  available  head  is 
34  feet.  The  pumps  take  water  from  the  main  canal  above  the  pumping  station  and  deliver 
it,  with  a  life  of  about  46  feet,  through  a  pipe  line  about  one-third  mile  long,  to  a  higher  bench 
containing  about  5,000  acres.  The  pumping  station  (exclusive  of  machinery),  the  fore  bay, 
by-pass,  and  tailrace  were  included  in  the  specifications  for  the  structures  on  the  main 
canal,^  issued  by  the  Department  April  29,  1905.  The  contract  for  the  pumping  station, 
by-pass,  and  fore  bay  was  entered  into  witii  W.  D.  LoveU,  Minneapolis,  Minn.,  July  24, 
1905.    Contract  for  the  pumping  machinery  will  be  made  at  an  early  date. 

Preliminary  plans  and  estimates  have  been  prepared  from  data  furnished  by  R.  S.  Stock- 
ton for  the  proposed  Crow  Indian  project,  and  by  C.  C.  Babb  for  Marias  River  development 
as  part  of  the  Milk  River  project. 

North  Dakota.— T^he  essential  features  of  all  the  proposed  pumping  projects  for  North 
Dakota  are:  Missouri  River,  furnishing  an  abundance  of  water;  extensive  deposits  of 
lignite  adjacent  to  the  pumping  plants,  insuring  a  cheap  and  almost  inexhaustible  fuel 
supply;  and  areas  of  excellent  land  on  the  river  benches  at  elevations  above  the  river  not 
too  high  to  be  economically  provided  with  water  by  means  of  pumping. 

Missouri  River  carries  considerable  quantities  of  silt  at  all  seasons.  This  favors  the  use 
of  centrifugal  in  preference  to  phinger  pumps.  The  river  water  is  always  suitable  for 
cooling  gas  engines  and  for  condensing  water  for  steam  engines,  but  requires  settling  for  use 
in  steam  boilers.  If  steam  turbines  be  used,  the  water  from  the  condensers  may  be  returned 
to  the  boilers  and  only  a  small  settling  basin  would  be  required  to  supply  the  loss.  Gas 
engines  have  the  advantage  of  requiring  no  settling  basin. 

The  normal  rise  and  fall  of  the  water  level  in  the  river  is  less  than  10  feet,  but  ice  gorges 
occasionally  produce  an  abnormal  rise  lasting  a  few  hours,  amounting  sometimes  to  20  feet 
or  more.  Piunping  plants  on  the  river  bank  must  be  so  located  and  designed  as  not  to 
suffer  from  these  excessive  high-water  leveb. 

The  Missouri  is  continually  shifting  its  channel  and  eroding  its  banks.  Pumping  plants 
on  the  river'banks  at  the  water's  edge  must  be  protected  by  riprapping,  brush  mattresses, 
or  other  means.  These  means,  to  be  effective,  must  be  expensive,  and  if  inadequate  might 
permit  the  destruction  of  the  pumping  plant  in  a  single  ^y.  To  avoid  this  danger  the 
pumping  plants  are,  so  far  as  possible,  located  back  from  the  river,  at  the  foot  of  the  bench 
above  the  river  bottom,  and  an  intake  canal  is  constructed  across  the  bottom  to  admit 
water  from  the  river  to  the  suction  chamber  of  the  pumps. 

The  use  of  brown  lignite,  so  abundant  in  western  North  Dakota,  as  fuel  in  the  proposed 
pumping  plants  has  required  extensive  investigations  to  determine  its  location,  quality, 
cost  of  transportation,  and  efficient  means  for  transforming  it  into  power.  Along  the  river 
banks,-from  the  Montana  line  to  the  vicinity  of  Coal  Harbor,  outcrops  of  veins  of  workable 
thickness  may  be  seen  in  great  numbers.  Only  those  veins  which  are  at  least  6  or  7  feet 
thick  can  be  mined  at  reasonable  expense.  To  avoid  extensive  timbering,  the  upper  1  or 
2  feet  of  the  coal  vein  is  aUowed  to  remain  as  a  roof  for  the  galleries.  The  coal  is  usually 
overlain  with  clay,  shale,  or  other  loose,  weak  material,  which  would  fall  if  the  entire  vein 
of  coal  were  removed.  Practically  no  rock  formation  is  found  above  the  lignite  except 
occasional  thin  layers  of  soft  sandstone.  Even  the  roof  of  coal  must  be  supported  some- 
what on  account  of  its  tendency  to  slack  and  crumble  when  exposed  to  the  air.    The  veins 
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are  usually  horizontal,  or  nearly  so,  and  not  much  undei^g^round  water  is  encountered.  The 
average  cost  of  mining  in  some  of  the  older  well-equipped  mines  is  60  to  70  cents  per  ton. 

The  coal  may  be  carried  from  the  mines  to  the  pumping  plants  by  railroads,  wfaidi  can 
deliver  the  coal  directly  into  bins  at  the  plant,  or  by  short  tramways  irom  mine  to  plant. 
Some  pumping  plants  can  be  located  almost  at  the  mines,  and  possibly  transportation  by 
river  barges  may  be  economical  in  some  localities. 

As  a  fuel  this  brown  Dakota  lignite  differs  essentially  from  eastern  steam-producing  coals. 
When  mined  it  contains  35  to  40  per  cent  of  moisture.  It  readily  loses  about  half  of  this 
if  pulverized  and  air-dried.  Averages  of  artificially  dried  samples  show  about  50  ^  55 
per  cent  of  fixed  carbon,  35  to  40  per  cent  of  volatile  hydrocarbons,  and  5  to  10  per  cent 
of  ash.  The  commercial  value  of  lignite  as  fuel  has  beed  underrated,  because  the  steam 
plants  in  which  it  has  been  tried  have  not  been  properly  designed  to  secure  its  full  heating 
value.  On  account  of  the  high  percentage  of  both  moisture  and  gases,  the  latter  volatile 
at  moderate  temperatures,  some  type  of  gas-producing  furnace  is  required  if  a  reasonable 
boiler  efficiency  is  to  be  obtained.  At  the  St.  Louis  coal-testing  plant  of  the  United  States 
Geological  Survey  experiments  with  this  lignite  in  a  producer  plant  furnishing  gas  directly 
to  gas  engines  have  shown  that  it  \b  well  suited  to  this  use,  but  no  commercial  plants  oLthis 
kind  have  yet  been  installed. 

Tests  made  by  H.  A.  Storrs,  in  Denver  and  vicinity,  with  North  Dakota  lignite  burned 
in  boiler  furnaces,  specially  designed  for  low-grade  Colorado  coals,  gave  an  evaporation  of 
about  8  pounds  per  pound  of  dry  c6al,  which  is  nearly  double  the  evaporation  secured  in 
several  tjrpical  commercial  power  and  lighting  plants  in  North  Dakota.^ 

The  lands  to  be  supplied  by  the  pumping  plants  are  usuaUy  well-defined,  consisting  of 
a  river  bottom  and  a  series  of  benches.  The  bottom  lands  require  a  lift  of  about  25  or  30 
feet  from  low-water  level  in  the  river,  and  the  benches  require  additional  lifts  of  about  25, 
50,  and  75  feet.    The  average  extent  of  each  of  these  several  areas  is  3,000  to  5/XX)  acres. 

Usually  pimiping  systems  will  supply  from  10,000  to  30,000  acres  with  maximum  pumping 
lifts  not  exceeding  100  feet,  the  average  lift  being  usually  50  feet  or  less.  Tlie  complete  sys- 
tem usually  includes  a  main  pumping  station,  where  all  the  water  for  the  several  benches  and 
the  bottom  lands  is  pumped  from  the  river  into  the  main  canal.  From  this  canal  water  is 
distributed,  through  the  laterals,  over  the  bottom  lands.  Along  this  canal  at  favorable 
points,  selected  according  to  the  topography  of  the  tract,  secondary  pumping  planta  are 
located,  and  water  is  pumped  throu^  pressure  pipes  into  the  canals  that  supply  the  bench 
lands. 

On  some  of  the  smaller  tracts  it  is  feasible  to  concentrate  all  the  pumps  at  a  single  station, 
where  water  is  taken  from  the  river  and  pumped  directly  into  canak  at  the  required  eleva- 
tions. This  arrangement  effects  a  saving  of  cost  for  both  installation  and  operatioD. 
When  the  nature  of  the  ground  will  not  permit  this,  on  account  of  the  prohibitive  costs 
for  long-pressure  pipes,  heavy  canal  construction,  etc.,  a  central  electric  generating  plant, 
built  in  connection  with  a  maii^pumping  plant  and  supplying  electric  power  for  the  opera- 
tion of  the  secondary  pumping  stations,  will  insure  the  minimum  cost  of  operation.  At  the 
main  power  plant  automatic  devices  for  handling  fuel  will  be  warranted  and  the  use  of 
larger  units  will  insure  the  best  efficiency. 

By  combining  the  power  and  pumping  machinery  in  a  single  station  water  for  condensing 
purposes  is  available  at  practically  no  additional  expense.  The  secondary  pumping  stations, 
containing  only  electricaUy  operated  pumping  units,  stationary  transformers,  and  switches, 
will  require  the  minimum  of  labor.  The  total  saving  effected  by  the  high  efficiency  of  the 
system  and  the  reduction  of  labor  costs  will  enable  the  water  to  be  pumped  into  the  several 
canals  at  an  estimated  cost  for  labor,  fuel,  and  maintenance  of  three-quarters  of  a  cent  to  1 
cent  per  acre-foot  per  foot  of  lift.  SmaUer  systems,  where  a  resort  to  electrical  transmission 
of  power  from  the  main  to  secondary  pumping  plants  is  not  warranted,  will  require  steam 
or  gas  engines  to  be  installed  at  the  nuun  and  at  one  or  more  secondary  plants,  and  fuel 

a  Second  Biennial  Report  State  Qeological  Survey  of  North  Dakota;  Frank  A.  Wilder,  State 
geologist. 
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win  have  to  be  delivered  to  each  plant.  In  such  cases,  however,  the  estimated  operating 
costs  for  pumping  Vill  not  exceed  1  cent  per  acre-foot  per  foot  of  lift,  the  coal  mine  or 
railroad  being  favorably  situated  for  delivering  fuel  to  the  several  plants. 

Oregon, — Estimates  have  been  prepared  for  pumping  plants  in  connection  with  Malheur 
and  Owyhee  projects.  Some  of  the  water  is  to  be  pumped  by  electrically  transmitted  power 
from  a  power  plant  located  at  Harper  reservoir  and  some  by  utilizing  the  drops  in  canals 
where  turbine  water  wh^Is  will  be  combined  with  centrifugal  pumps. 

Similar  preliminary  estimates  have  been  furnished  in  connection  with  the  Chewaucao  and 
Ana  River  project. 

Washington, — Preliminary  estimates  have  been  furnished  for  a  pumping  plant  to  be 
located  at  Priest  Rapids  for  pumping  water  directly  on  the  lands  immediately  adjacent,  and 
also  for  pumping  water  on  the  lands  near  Pasco,  these  pumps  to  be  driven  by  power 
electrically  transmitted  from  Priest  Rapids. 

Further  surveys  and  investigations  have  furnished  the  data  upon  which  final  estimates 
are  now  being  prepared  for  the  consideration  of  a  board  in  the  immediate  future. 

In  connection  with  the  Leadbetter  project  estimates  have  been  prepared  for  a  direct  pump- 
ing plant,  utilizing  a  drop  in  the  main  canal  to  develop  power  directly  applied  to  pumps  for 
irrigating  32,800  acres  of  land. 
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Arizona, — No  work  has  been  done  in  this  State  in  land  classification. 

Califcmia, — For  the  Yuma  project  land  classification  carried  out  by  Department  of  Agri- 
culture has  been  used  as  basis  of  farm  unit  maps.  Tliese  have  been  completed  so  far  as  is 
possible  until  there  is  an  adjustment  of  land  office  subdivisions  of  certain  parts  of  the  project. 
Data  coUected  in  this  soil  examination  have  proved  useful  in  planning  drains  for  the  project. 

For  the  Klamath  project  preliminary  studies  have  been  made  in  the  field  and  laboratory 
to  determine  the  agricultural  value  of  the  lake  bottom  and  swamp  lands.  Certain  areas  of 
these  lands  are  of  such  questionable  value  that  it  is  deemed  best  to  postpone  their  irrigation. 
As  a  whole,  however,  the  lands  of  the  project  are  fertile  and  should  make  first-class  farms. 

Colorado. — Land  classification  and  farm  unit  maps  have  been  completed  of  the  Uncom- 
pahgre  project.  First-class  fruit  land  has  been  subdivided  into  40-fiMire  farms,  and  other  land 
suitable  for  growing  grain,  sugar  beets,  and  alfalfa  has  been  divided  into  8D-acre  farms. 

Idaho. — Farm  unit  maps  have  been  completed  of  the  Minidoka  project.  A  study  has  been 
made  of  the  soil  conditions  to  determine  the  necessity  for  drainage.  The  freedom  of  these 
lands  from  alkali  and  the  porous  subsoil  insure  the  soil  from  damage  from  seepage  water  and 
alkali  if  proper  amotmts  of  water  are  used  in  irrigation.  The  necessity  for  drainage  exists 
only  on  very  limited  parts  of  the  project. 

MonJUma, — ^Farm  unit  maps  have  been  prepared  of  the  Huntley  project.  Soil  classifica- 
tion indicates  the  necessity  of  draining  parts  of  the  project  to  insure  damage  from  rise  of 
water  and  alkali. 

Nebraska. — Land  classification  will  be  completed  of  the  interstate  canal  during  November, 
1905.  Farm  unit  maps  will  then  be  prepared .  Farms  wiU  contain  on  the  average  80  acres 
of  irrigable  land.  A  reconnaissance  has  been  made  of  the  agricultural  possibilities  of  the 
Qoshen  Hole  subproject,  indicating  the  general  excellence  of  the  soils. 

New  Mexico. — During  the  spring  of  1905  a  preliminary  classification  was  made  of  the  soils 
of  the  Carlsbad  project.  Gypsum  soils  were  considered  unsafe  for  irrigation  and  were 
classed  as  third-class  land.  Areas  of  first  and  second  class  land  sufficient  in  size  to  use  all 
available  water  were  outlined. 

Nevada. — Portions  of  10  townships  have  been  classified  and  farm  unit  maps  are  being 
prepared. 

North  Dakota. — ^Lands  have  been  classified  in  detail  and  drainage  plans  outlined  for  the 
Lower  Yellowstone  project.  Farm  unit  maps  will  be  completed  in  November,  1905.  The 
most  desirable  size  for  farms  on  this  project  will  be  80  acres. 

Ore^on.^Farm  unit  maps  have  been  filed  of  the  Malheur  project. 

South  Ddtoto.— Land  classification  has  been  completed  and  farm  unit  maps  are  being  pre- 
pared of  the  Belle  Fourche  project.    The  size  farm  selected  is  80  acres  irrigable  land. 

Washington. — Preliminary  classification  has  been  made  of  the  soils  of  the  PsJouse  project. 

Wyoming. — ^Land  classification  of  50,000  acres  imder  the  Shoshone  project  will  be  com- 
pleted in  October,  1905.    Farm  unit  maps,  with  80-acre  farms,  will  then  be  prepared. 

Work  is  now  being  planned  to  complete  farm  unit  maps  on  all  projects  under  construction 
as  fast  as  land  will  be  opened  for  settlement. 
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CEMENT  TESTS. 

KXPEBIMXNTAL  WORK. 

The  cement-testing  laboratory  at  the  Denver  office  was  established  early  in  January, 
1905,  but  before  that  time— from  July  30,  1904,  to  November  30,  1905— work  had  been 
done  at  the  laboratory  of  the  Denver  Union  Water  Company,  and  at  the  laboratory  of 
the  Portland  Cement  Company,  Portland,  Colo.,  and  the  results  of  the  tests  thus  made 
are  given  in  the  accompanying  table.  The  tests  have  included  about  26,000  barrels, 
embracing  five  brands  of  Portland  cement,  intended  for  use  on  six  different  projects. 

The  companies  manufacturing  these  five  brands  of  cement  are  the  lola  Portland  Cement 
Company,  lola,  Kans.  (lola  brand) ;  Illinois  Steel  Company,  Chicago,  111.  (Universal  brand) ; 
Portland  Cement  Company,  Portland,  Colo.  (Ideal  brand) ;  Portland  Cement  Company  of 
Utah,  Salt  Lake  City,  Utah  (Red  Diamond  brand);  Western  Portland  Cement  Com- 
pany, Yankton,  S.  Dak.  (Yankton  brand).  The  works  of  each  of  these  companies  have 
been  visited  either  for  inspecting  the  plant  or  for  conducting  tests,  or  both,  and  samples 
have  been  collected  from  each  plant,  representing  the  raw  materials  used  and  the  state 
of  the  materials  during  the  several  stages  of  manufacture  until  the  finished  product  is 
obtained.  These  samples  are  now  retained  at  this  laboratory.  Reports  have  been  made 
regarding  each  of  these  plants  as  to  capacity,  equipment,  methods  of  manufacture,  etc. 

In  addition  to  these  regular  tests  of  cement  for  construction  work,  occasional  sets  of 
long-time  tests  have  been  made  of  each  brand,  covering  periods  of  3  and  6  months,  1, 2, 3, 5, 
7i,  and  10  years,  in  addition  to  the  7  and  28  day  periods  of  the  regular  tests,  each  set  con- 
sisting of  5  neat  and  5  sand  briquettes  for  each  period.  The  results  of  these  long-time  tests 
are  included  in  the  table. 

Other  experimental  work  has  consisted  of  sand  tests,  sand-cement  tests,  and  tests  for 
permeability.  These  tests  have  not  been  tabulated  for  presentation  here,  but  the  general 
results  obtained  will  be  briefly  stated.  Sand  tests  have  been  made  for  the  Engle  (Elephant- 
Butte  dam),  Hondo,  Minidoka,  North  Platte  (Pathfinder  dam),  and  Uncompahgre  Valley 
projects*  samples  of  the  material  available  for  use  as  sand  on  those  projects  having  been 
sent  to  the  laboratory  for  tests  to  determine  which  materials  among  those  available  would 
be  the  best  for  use  on  construction  work.  The  materials  sent  in  consisted  of  natural  sand 
and  of  stone  from  which  artificial  sand  was  made  by  crushing  and  grinding  it  to  about  the 
fineness  of  the  screenings  from  a  stone  crusher  in  actual  use,  it  being  assimied  that  in  some 
cases  such  screenings  may  be  used  as  sand  in  making  mortar  or  concrete.  The  main  tests 
have  been  those  for  tensile  strength,  a  number  of  sets  of  long-time  tests  having  been  made 
of  the  various  materials  as  weU  as  more  numerous  seta  for  short  periods.  In  addition  to 
the  tests  of  tensile  strength,  mechanical  analyses  have  been  made  on  a  set  of  sieves  ranging 
from  No.  10  to  No.  200,  showing  the  granulometric  composition  of  each  sample.  Tests 
have  also  been  made  for  per  cent  of  voids,  and  the  specific  gravity  of  each  sample  of  stone 
has  been  determined.  In  general,  it  may  be  stated  that  the  coarse  sands  give  a  higher  tensile 
strength  than  the  finer  grades,  especially  for  the  shorter  periods,  but  that  the  finer  sands  gain 
somewhat  faster  than  the  coarser  in  the  tests  for  longer  periods.  The  artificial  sands  made 
from  the  samples  of  stone  submitted  include  limestone,  trap  rock,  granite,  and  sandstone, 
the  results  for  tensile  strength  showing  values  in  the  order  named,  those  for  limestone  in 
particular  being  remarkably  high  and  those  for  granite  being  about  the  same  as  would 
be  obtained  for  a  good  grade  of  natural  sand. 
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The  use  of  sand  cement  has  been  under  consideration  for  some  projects  where  there 
would  be  a  long  haul  for  cement  from  the  railroad  station  to  the  site  of  the  work,  and  where 
sand  cement  could  be  made  by  putting  up  machinery  for  grinding  sand  and  ceoMot  together, 
and  an  extensive  series  of  tests  was  therefore  made  to  see  how  such  matoW  tXHspares  in 
strength  with  ordinary  cement,  the  claim  being  made  by  the  proprietors  of  the  process 
that  cement  and  sand  mixed  in  equal  proportions  and  ground  approximately  to  such 
fineness  as  to  pass  a  No.  200  sieve  will,  when  used  as  a  cement,  give  practically  the  same 
tensile  strength  on  sand  tests  as  th«  cement  from  which  it  is  made.  Ei^teen  full  sets  of 
long-time  tests  have  been  made  of  this  material,  several  different  grades  of  sand  having 
been  used  in  making  the  sand  cement  and  this  being  tested  both  with  standard  testing 
sand  and  with  various  grades  of  natural  sand.  Tlie  results  of  the  tests  so  far  show  an 
average  decrease  of  about  20  per  cent  for  the  sand  cement  from  corresponding  tests  of  the 
cement  from  which  it  was  made. 

For  making  tests  of  the  permeability  of  cement  mortar  under  water  pressure,  apparatus 
has  been  employed  similar  to  that  used  for  an  extensive  series  of  like  tests  made  in  con- 
nection with  the  construction  of  the  Wachusett  dam  of  the  Metropolitan  Water  Works  of 
Massachusetts,  at  Clinton,  Mass.,  in  1901-1904.  The  experiments  made  here  thus  far  have 
included  tests  of  materials  from  the  site  of  the  Pathfinder  dam,  of  sand  cement,  and  of 
artificial  sand  made  from  limestone  similar  to  that  used  for  tests  of  tensile  strength.  The 
results  for  mortar  made  with  sand  cement  show  that  material  to  be  somewhat  more  pe> 
meable  than  ordinary  mortar,  but  do  not  indicate  a  very  marked  difference  in  permeability, 
while  the  result  thus  far  obtained  for  limestone  sand  show  that  it  is  superior  to  ordinary 
sand.  Tliis  result,  together  with  the  high  tensile  strength  indicated,  would  seem  to  show 
that  limestone  sand  is  a  valuable  material  for  use  in  cement  mortar  or  concrete.  Periiaps 
it  should  be  noted  in  this  connection,  however,  that  all  the  limestones  tested  here  were 
comfMiratively  hard  and  no  doubt  gave  better  results  than  could  be  obtained  with  softer 
limestones. 
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Cement  tests  made  at  Denver  laboratory ,  J\dy  SO,  1904,  U>  November  1, 1905. 


Num- 
ber of 
bar- 
reU. 

Project. 

Compo- 
sition 
of  bri- 
quettes. 

Fineness. 

Setting  time. 

ii 

Initial. 

Final. 

Brand. 

e 

1 

1 

1 

! 

1 

Ideal 

0,212 
024 
8,ftliO 
6,000 
1,000 

rSalt  River  and  Path- 
t    finder. 

Pathfln'i'^r. 

JNeat.... 
3tol 

04.0 

71.6 

2 

42 

6 

20 

8.Qg 

lola. 

(Neat.... 
3tol 

04.0 

74.1 

4 

40 

0 

33 

3.16 

Minidoka 

Red  Diamond.. 

(Neat.... 
3tol 

06.3 

71.4 

2 

55 

6 

24 

3.14 

r  Lower     Yellowstoae 
\    and  Huntley. 

BeUe  Fourche 

Universal 

Neat. . . . 
3  to  1 

07.7 

75.1 

3 

15 

7 

15 

8.20 

Yankton. 

Neat.... 
3tol 

dt.5 

65.3 

3 

8 

30 

3.20 

Neat.... 
3tol 

Total 

25,786 

06.1 

72.2 

2 

50 

6 

40 

3.16 



Compo- 
sition 
of  bri- 
quettes. 

Tensile  strength. 

Iday. 

7  days. 

28  days. 

3  months. 

6  months. 

lyear. 

Brand. 

f 

& 
408 

o  8 

1 

•s: 

1 

1 

O 

i 

15 
15 

If 

i 

ll 
i 

1 

i 

ll 
i 

s 

1 

Ideal 

JNeat.... 
3tol.... 

10 

614 
614 

653 
265 

604 
604 

722 
343 

724 
434 

15 
15 

008 
450 

5 
5 

657 

472 

lola 

(Neat.... 
(Stol 

10 

200 

03 
03 
706 
706 
300 
300 
65 
55 

n8 

307 
606 
205 
562 
252 
551 
253 

65 
65 
660 
660 
220 
220 
55 
55 

760 
426 
668 
385 
727 
386 
660 
364 

20 
20 
20 
20 

815 
457 
670 
428 

10 
10 
15 
15 

730 
407 
634 
445 

10 
10 
5 
5 

773 

475 

Red  Diamond.. 

fNeat.... 

latoi.... 

20 

335 

756 
501 

JNeat.... 
3tol 

5 

352 

UniversaL 

JJeat.... 
3tol 

28 

304 

5 
5 

720 
438 

Yankton. 

JNeat.... 

1,768 

620 

1,613 

609 

60 

730 

40 

682 

?0 

740 

Total.... 

iatoi.... 

73 

328 

1,768 

277 

1,613 

371 

60 

440 

40 

460 

20 

481 
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006T  OF  CEMENT.   ' 

The  table  below  shows  the  average  price  of  cement  in  1903  and  1904,  the  average  bids, 
and  the  contract  prices.  The  table  below  is  a  partial  list  of  the  cement  contracts  awarded 
by  the  Reclamation  Service.  The  table  on  page  361  contains  a  partial  list  of  the  lads 
thus  far  made  by  various  cement  companies  for  furnishing  cement  under  the  Beclamatioo 
Service  specifications. 

Prices  of  cement.a 


State. 

Average 

price  In 

1903. 

Average 

price  in 

1904. 

Price  In 
Recla- 
mation 
Service 
oon- 
tracta. 

AveragB 
ofbi^ 
in  1906. 

nftHforrflf^ 

1.62 
La9 
1.52 
1.26 

1.42 
L30 
1.09 
.81 

L62 
L40 
LOS 
1.00 

L66 

Colorado 

1.28 

Tllinnlii   .                  

1  14 

KAnm" 

LIO 

a  Bids  and  contracts  specify  that  cement  should  be  95  per  cent  fine.    Prices  for  1903  and  1904  are  based 
on  commercial  grinding. 

Contracts  for  cement. 


Project. 

Date. 

Company. 

Location  of 
works. 

Price 

at 
works. 

Prioe 

at 

project 

Truckee-Oarson 

Sept.  25, 1903 
Aug.  25,1904 
Jan.   10,1905 
Mar.  16,1905 

Apr.    3,1905 
Apr.  10,1905 
May  19,1905 
July  25,1905 
July  31,1905 
Aug.  24,1905 
Sept.    5,1905 
Sept.  26, 1905 
Sept.  30,1905 
Nov.     1,1905 

Spreokles  Bros.  Co 

San  Francisco .... 

S2.5S 
2.9S 
2.8S 

UlnWnlrft 

Utah  Portland  Cement  Co.. . . 
Western  Cement  Selling  Co.. . . 
lola  Portland  Cement  Co 

Pacific  Portland  Cement  Co. . 
Western  Portland  Cement  Co 

lola  Portland  Cement  Co 

Pacific  Portland  Cement  Co .. 
Illinois  Steel  Co 

Salt  Lake  City.. .  J 

Hondo 

Denver,  Colo. 

North  Platte 

Truckee-Carson.... 

Belle  Fourche 

Do 

lola,    Kans.,    92 
percent. 

Tolenas,  Cal 

Yankton,  S.  Dak. 

lola,  Kans 

Tolenas,  Cal 

South  Chicago,  111. 

do 

10.90 

L50' 

1.10 

1.00 

1.50 

LOO 

LOO 

LIO 

L30 

L55 

L50 

2.43 
2.15 

Truckee-Carson.... 
Lower  Yellowstone 

"Vm 

Huntley 

do 

Do 

do 

.do  . 

Shoshone 

do 

do 

Yuma 

Pacific  Portland  Cement  Co. . . 
Portland  Cement  Co 

Tolenas,  Cal 

Portland  ($1.40), 
Denver,  Colo. 

•- 

2.82 

North  Platte 

2.20 
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Project. 


Date. 


(Company. 


Location  of 
works. 


Price 

at 
works. 


Price 

at 

project 


Truckee-Carson.. . 

Do 

Do 

Do.... 

Do.... 

Minidoka.... 

Do 

Do 


Sept.  25,1903 

do 

do 

Nov.  7,1903 
July  8,1903 
Aug.  25,1904 

do 

do 


Do 

Hondo 

Do 

Do 

North  Platte. 


.....do , 

Jan.   10,1905 

....do 

....do , 

Mar.  16,1905 


Do 

Do 

Do 

Traokee-Carson 

Do 

Belle  Fotuche 

Do 

Do 

Do 

Do 

Do... 

Do 

Do 

Truckee-Carson.. . 

Do 

Do 


....do 

....do 

do 

Apr.    3,1905 

do 

Apr.  10,1905 
....do 


....do 

....do 

....do 

....do 

....do 

May  19,1905 
July  25,1905 

....do 

....do 


Lower  Yellowstone 

Do 

Do 

Yuma 

Do 

Huntley 

Do 

Shoshone 

Do 

Do 

Yuma 

Do 

Do 


July  31,1905 
do 


....do 

Aug.  4,1906 
Aug.  12,1906 
Aug.  24,1905 
Sept.  5,1906 
Sept.  26,1906 
....do 


do 

Sept.  30,1905 

....do 

do 


Do. 


.do. 


North  Platte. 

Do 

Do 

Do 

Do 


Nov.  18,1906 
....do 


.do. 
.do. 
.do. 


Spreckles  Bros.  Co , 

Co  well  Lime  and  Cement  Co 

Grace  &Co 

Spreckles  Bros.  Co 

Standard  Portland  Cement  Co 

Portland  Cement  Co 

Kansas  Portland  Cement  Co 
Utah  Portland  Cement  Co.. . . 

Atlas  Portland  Cement  Co. . . 
Western  Cement  Selling  Co. 
Atlas  Portland  Cement  Co . . . 

Portland  Cement  Co 

lola  Portland  Cement  Co..., 


San  Franci8CO,CaL 


San  Francisco,  Cal. 
NapaJunction,CaL 
Portland,  Colo, 
lola,  Kans 


Kansas  Portland  Cement  Co. . 

Portland  Cement  Co 

....do 

Padflc  Portland  Cement  Co . . 

Western  Fuel  Co 

Alpena  Portland  Cement  Co . . 
Western  Portland  Cement  Co. 

Fowler  &  Pay. 

Kansas  Portland  Cement  Co.. 

Illinois  Steel  Co 

Wabash  Portland  Cement  Co . 

Portland  Cement  Co 

lola  Portland  Cement  Co 

Western  Fuel  Co 

Pacific  Portland  Cement  Co. . . 
Utah  Portland  Cement  Co. . . 


Salt   Lake  City, 
Utah. 

New  York  City.. 

lola 

New  York  City.. 

Portland,  Colo.... 

lola,    Kans.    (92 
percent). 

do 

Portland,  Colo 

Salt  Lake,  Utah.. 

Tolenas,  Cal... 

San  Francisco,CaL 

St.  Paul, Minn... 

Yankton,  S.  Dak 

Mankato,  Minn.. 

lola,  Kans 

South  Chicago,  111. 

Stron,  Ind 

Portland,  Colo.... 

lola,  Kans 


Illinois  Steel  Co 

Alpena  Portland  Cement  Co . 
Atlas  Portland  Cement  Co . . 

Calif  omia  Cement  Co 

Portland  Cement  Co 

Illinois  Steel  Co 

....do 


Tolenas,  Cal 

Salt  Lake  aty, 
Utah. 

South  Chicago,  m. 

St.  Paul,  Minn..., 

New  York,  N.Y.. 

Colton,  Cal 

Tolenas,  Cal 

South  Chicago,  111. 

do 


.do. 


Portland  Cement  Co , 

Alpena  Cement  Co , 

Padflo  Portland  Cemeot  Co. . , 

Western  Fuel  Co 

Western  States  Portland  Ce- 
ment Co. 

CaUfoznia  Portland  Cement 
Co. 

Portland  Cement  Co 

Illinois  Steel  Co 

Western  States  Cement  Co 

Sunderiand  Bros 

Wm.  Parr&Co 


do 

Portland,  Colo.... 

St.  Paul,  Minn.... 

Tolenas,  Cal 

NapaJonctlon.CaL 

Independence, 
Kans. 

Colton,  Cal 


Portland,  Colo.... 
South  Chicago,  lU. 
Jackson,  Mich.... 

Omaha,  Nebr 

Galveston,  Tex... 


$1.60 


a2.83 


.90 

.90 
1.10 
1.75 
1.60 
1.70 


LIO 
.95 
L25 


1.10 
.90 
LOO 
L60 
L50 
2.00 

LOO 
L37 


1.60 
LOO 
1.10 
L30 
L36 
L40 
L65 
1.60 
L26 

2.45 

»L40 
1.30 


82.75 
3.60 
3.44 
2.65 


3.26 

a37 

"2.96 

a  71 
2.95 
a30 
2.96 
2.43 

2.99 
2.63 


e3.37 
2.15 
2.78 
3.07 
ea32 
«i3.17 
2.42 


2.82 
2.89 
2.97 
a  16 
2.76 


2.82 
2.88 
2.96 

a  07 

2.198 
2.646 

aoo 

a26 

a86 


aAt  Denver. 


Mdeal. 


e  Sacks. 


dBulk. 
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Ahern,  Jeremiah,  on  Shoshone  project. . . .  346-350 
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Alberta  Railway  and  Irrigation  Co.,  canal 
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ect   335-337 

work  of 336,345 

Animas  River,  description  of 281 

diversion  from 281 
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Arizona,  contracts  in,  status  of 40-41, 43 
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evaporation  at 82 
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reservoir  in,  description  of. . . .  268-269, 277-278 

B. 

Babb,  C.  C,  on  Milk  River  project 177-185 

work  of 82,353 

Bancroft  Valley,  Idaho,  reclamation  in 330 

Bates  &  Rogers  Co.,  contract  with 129 

Bear  Creek,  Mont.,  power  from 219-220 

Bear  Lake,  Utah,  private  development  of . .     330 

Bear  Lake  project,  operations  under 330 

Bear  River,  irrigation  from 330 

Beaver  Creek,  S.  Dak.,  storage  on 327 

Beaver  Creek,  Okla.,  description  of 296, 297 

storage  on 297 

Belle  Fourche  project,  buildings  at 324 

canals  for 309-312,316-320 

bids  and  contracts  for 310-^11, 317, 319 

views  of 312,316,318 

cement  for,  prices  of 312,360-361 

tests  of 369 

contracts  under 43 

H.  Doc.  86,  59-1 25 
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Belle  Fourche  project,  dam  for,  construc- 
tion of,  bids  and  contracts  for.  313-315 

dam  for,  views  of 320-322 

description  of 309 

expenditures  on 327 

farm  units  under 323 

irrigable  lands  of 321-323 

land  classification  at 356 

liabilities  on 35 

main  canal,  bids  on 317 

map  of 310 

operations  under 309-327 

rainfall  at 326 

reservoir  for 312-3 16 

rights  of  way  for 312 

south  canal  of,  bids  on 319 

telephone  system  of ,  bids  on 320 

town  site  at 326-327 

unit  prices  imder 46-17, 49-60, 52, 54-58, 360 

water  rights  of 326-327 

water  supply  of 324-326 

work  on;  progress  of 33 

Belle  Fourche  River,  flow  of 325-326 

Belle  Foiu-che  Valley  Water  Users  Associa- 
tion, organization  ol 326 

Beula  Meadows,  Idaho,  reservoir  site  at, 

data  concerning 152 

Beula-Hering  Lake,  Idaho,  reservoir  site  at, 

data  concerning 152 

Bids,  consideration  of 39 

Bien,  Morris,  work  of 103,176,336 

Big  Bend  project,  operations  under 345 

Bighorn  River,  dam  on 227 

reclamation  on 226-228 

Bighorn  subproject,  description  of 227-228 

Big  Meadows,  Cal.,  reservoir  site  at,  data 

concerning 90-93 

Big  Roimd  Valley,  Idaho,  character  of . ..  165-166 

reclamation  of 166 

Big  Valley,  Cal.,  reservoir  site  in,  data  con- 
cerning   90-91 

Big  Wood  River,  Idaho,  gagings  on 168 

Billings,  Mont.,  gaging  at 215 

Birch  River,  Idaho,  reservoir  sites  on 160-162 

Blrdwood  Creek,  Nebr.,  artesian  water  on.  256-257 

Bismarck  project,  map  of 288 

opera t ions  under 287-289 

pumping  at 288 

topography  at 288 

Blackfeet  Indian  Reservation,  gagings  at . .      181 
Blackf  oot  -  Port    Neuf    divide,    reconnais- 
sance of 162 
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Blackfoot  River,  utilization  of 163 

Blue  River,  Colo.,  gaglngs  of 122 

Boards  of  engineers,  action  of 83, 

84, 97, 128, 130, 150, 176, 180, 258, 299, 
279, 283, 302, 329, 335, 336, 341 ,  345 

Boise  River,  diversion  from 148 

flow  of 149-150,169 

storage  on 149 

Bond,  J.  B.,  work  of 162-163 

Bookkeeping,  system  of 61 

Boon  Creek,  Idaho,  reservoir  sites  on,  data 

concerning 152 

Boimdary canal  (Imperial  Valley ),Cal., flow 

of 104-105 

Bradbury  A  O'Oara,  contract  with 233 

Briscoe,  Cal.,  reservoir  site  at,  data  concern- 
ing  90-91 

Brown  Lake,  Wash. ,  reservoir  site  in. 336 

Browns  Valley,  Cal. ,  reservoir  site  in 95 

Bucks  Valley,  Cal.,  reservoir  site  at 94 

Buford-Trenton  project,  coal  at,  investiga- 
tion of 283-284 

data  concerning 285,287 

map  of 284 

operations  at 285 

water  users' association  at 285 

Bumphig  Lake,  Wash.,  storage  in 339-340 

Bums  Creek  conduit,  Mont.,  plan  and  de- 

tailsof 204 

Business  methods,  outline  of 61-63 

Butte  Creek  basin,  Cal.,  examination  of 94 

C. 

Cache  Creek,  Cal. ,  reservoir  sites  on 90 

California,  contracts  in,  status  ol 40, 44 

contracts  in,  unit  prices  under.  49-50,53,56,58 

expenditures  in 34-35 

floods  In 98,107 

land  classification  in 356 

operation  in 83-109 

power  development  in 352 

purchases  in 37 

reclamation  fund  for,  receipts  of 34^35 

California  Development  Co.,  canal  system 

of,  break  in 107-108 

system  of,  proposed  purchase  of 102-103 

Callahan  Bros.,  contract  with 180, 214 

Camas  Creek,  Idaho,  reconnaissance  on 160 

Camp,  J.  0.,  on  southwestern  Oklahoma.  290-295 

work  of 151-162 

Canyon  Creek,  Idaho,  reservoir  site  at,  data 

concerning 152 

Carlsbad,  N.  Mex.,  gaging  at 272 

Carlsbad  project,  dam  sites  for 274-275, 277 

duty  of  water  at 272-274 

irrigation  systems  under 268-269 

land  classification  at 356 

map  of 268 

operations  under 269-278 

soils  of 270-271 

water  rights  under 269-270 

water  supply  of 271-275 

Carson  River,  canals  from 258 

canals  from,  view  of 260 

reservoir  sites  on 258 

Carson  Sink,  reclamation  in 258-259, 265 
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Carty  reservoir  site,  Oreg.,  discovery  of 304 

Casper,  Wyo.,  headquarters  at 235 

Casper-Douglas  canal,  Nebr.,  description  of.      232 

Cast  iron,  unit  prices  of 4R 

Cement,  analyses  of 6( 

bids  for  furnishing 361 

manufacture  of 65 

purchase  of 100-101,214,285,312,360-361 

tests  of 357-350 

Cement  mill  at  Salt  River,  construction  and 

operation  of 65-67 

views  in 70 

Cement  mortar,  testsof 357 

Chain  Lakes,  Mont.,  reservoir  in 181, 183 

reservoir  in,  capacity  of 183 

Chains  Creek,  Idaho,  reconnaissance  on 106 

Chapin,  M.  I.,  work  of 123 

Chelan  project,  operations  under 345 

Cherry  Creek,  N.  Mex.,  reservoir  site  near. .      282 

Cherry  Creek  project,  reconnaissance  of 287 

Cheyenne  River,  reconnaissance  on 327 

ChUx)  Creek  basins,  Cal.,  examinations  of.. .       94 

Chinook,  Mont.,  diversion  near 183-184 

Chinook  canal  system,  irrigable  lands  un- 
der   178,181 

Churchill,  P.  M.,  on  WUliston  district  proj- 
ects    283-287 

work  of 283 

Cimarron  River,  character  of 295, 297-296 

reservoir  sites  on 298 

Clark  Fork,  Mont.,  description  of 224 

irrigable  lands  near 225 

reconnaissance  on 224-225 

Clealum  Lake,  Wash.,  reservoir  site  in 339 

Clear  Lake  (Cache  Creek),  Cal.,  reservoir 

site  at,  data  concerning 90-91 

Clear  Lake  reservoir   (Lost  River),  Cal.- 

Oreg.,  borings  at 85 

gagingsat 88,88 

location  of 83 

purchase  of 85-86 

Coal,  investigation  into 2^3-284 

Coal-land  laws,  rights  under 26 

Colorado,  contracts  in,  status  of 41, 44 

contracts  in,  unit  prices  in 49-52, 54-^,  58 

expenditures  In 34-35 

land  classification  in 356 

lignite  from,  analysis  of 174-175 

operations  in 1 10-127 

purchases  in 37 

reclamation  fimd  for,  receipts  of 34-35 

•  reservoir  sites  in 124-127 

Colorado  River,  diversion  from 102 

diversion  from,  break  at 107-108 

floods  on 98, 107 

map  of  part  of 102 

Columbia  basin.  Wash.,  irrigated  lands  In ..      330 

Columbia  River,  irrigable  lands  on 343 

Conconully  basin.  Wash.,  reservoir  site  in ..      336 
Concow  Creek,  Cal..  reservoir  site  on,  survey 

of 94 

Ck>ncrete,  unit  pricesof 48 

Condemnation,  authority  for 23 

Contractors,  difficulties  with 39 

Contracts,  data  concerning 4(M5 

letting  of,  difficulties  m 38-40 
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Contracts,  status  of 40-43 

unit  prices  under 48-68 

Corbett  tunnel,  Wyo.,  construction  of,  bids 

and  contract  for 346-347 

maps  of '346 

works  of,  plates  showing 346 

Cost,  repayment  of 22-23 

Cost  keeping,  necessity  for  and  methods  of.  61-63 

Cracrofts  Neck,  Cal.,  examination  at 95 

Crooked  Lake,  Idaho,  reservoir  site  at,  data 

concerning 152 

Crow  Creek,  8.  Dak.,  utilixation  of 310 

Crow  Indian  Reservation,  Mont.,  Huntley 

projecton 209 

opening  of 209 

projects  on,  operations  under  .  209-215, 225-228' 
Crow  Reservation  project,  Irrigable  lands  of.     226 

location  of 225-226 

map  of 226 

operations  imder 225-228 

subprojects  imder 226-228 

Crumb,  W.  H.,  &  Co.,  contracts  with 137,320 

Cutbank  area,  Mont.,  map  of 180 

reclamation  of 179 

Cutbank  Creek,  Mont.,  diversion  of 180 

gaging  on 180 

D. 
Davis,  A.  P.,  work  of.  176,258,259,283,302,335,345 

De  Sraet  project,  operations  under 360 

Deadwood    Construction    Co.,    contracts 

with 189,237 

Deer  Flat  reservoir,  Idaho,  description  of . .      148 

Denver,  cemen  t-testing  laboratory  at 357 

Derby  wasteway,  Nev.,  drop  at,  view  of 264 

Desert-land  entries,  instructions  concerning        26 

proof  of 25-26 

Dodson,  Mont.,  diversion  near 184 

Dodson  canal  system,  irrigable  lands  un- 
der   178,181 

Dry  Creek,  Mont.,  reservoir  site  at,  capacity 

of ,.      222 

Dry  Creek,  S.  Dak  ,  reservoir  on 313 

Dubois  project,  future  of 159-160 

irrigable  lands  under 161 

map  of 152 

operations  under 151-160. 

reservoirs  under 152-159 

E. 

Eager.  C.  R.,  contract  with 67 

Earth  excavation,  unit  prices  for 52-67 

Earth  placing,  unit  prices  for 51 

East  Park.  Cal ,  reservoir  site  at,  data  con- 
cerning   90-91 

East  Umatilla  project,  Oreg. ,  description  of.      306 

lands  of 306 

operations  on, 305 

water  supply  for 305 

Eddy  basin,  Idaho,  reservoir  site  at 166 

Edmanton,  Cal. .  reservoir  site  near 94 

El  Paso  Valley  Water  Users'  Association, 

organization  of 279-280 

Elephant  Butte  Water  Users'  Association, 

organization  of 279-280 

Elk  Creek,  Mont.,  reservoir  site  on,  capacity 

of 12\ 
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Emma  Matilda  Lake,  storage  In 144 

Engledam  sand  for,  tests  of 367 

Ensign,  O.H.,  work  of 85,176,344,351,283 

Entries,  land,  limitations  on 25 

Estimates,  quarterly,  making  of 60-61. 

Evans,  H.  R.,  work  of 283 

Excavation,  unit  prices  for 52-^7 

F. 

Fall  River,  Idaho,  storage  on 152 

Fall  River  Meadows,  Idaho,  reservoir  ^Ite 

at 152-163 

reservoir  site  at,  description  of 156-156, 169 

Farm  units,  determination  of 22, 366 

determination  of,  notice  of 30 

limitation  on  area  of 22-23 

Farmers  canal  (Yuma  project),  Cal.,  Injury 

to 101 

sale  of 101 

Farmers  canal,  Nebr.,  lands  under 236 

Farmers  ditch,  Eans.,  data  concerning 170 

Feather  River,  reservoir  sites  on 90,96 

surveys  on 92 

Fetterman  Flats,  Nebr.,  reclamation  of 232 

Field,  J.  E.,  on  Intel-state  canal 236-252 

Fitch,  C.  H.,  on  operations  In  South  Da- 
kota   309-328 

Fltterer,  J.  C,  work  of 123 

Flat  Rock,  Idaho,  reservoir  site  at,  descrip- 
tion of 152-154, 159 

FoUett,  W.  W.,  work  of 256 

Forbes,  R.  H.,  evaporation  records  by 82 

Force  account,  work  done  under 38-39 

Forest  reserves,  lands  In,  relinquishment  of, 

rightsfrom 26 

location  of 30-31 

map  showing 30 

reclamation  In 30 

Forks,  Idaho,  reservoir  site  at,  data  con- 
cerning       152 

Fort  Buford  project.    See  Lower  Yellow- 
stone project. 

Fort  Custer,  Mont.,  gaging  at .  ^ 227 

Fort  Custer  subproject,  description  of... .  731^-221 
Fort  Hall  Indian  Reservation,  ceded  lands 

of ,  Irrigation  of 163-165 

Fort  Laramie  canal,  Nebr.,  description  of . .      233 

Fort  Lincohi,  N.  Dak.,  survey  near 288 

\  Fort  Shaw  Military  Reservation,  Mont., 

j  irrigation  at 222-223 

Frazier  River,  gagings  at 126 

reconnaissance  on 124 

I  Freezeout  bench  canal,  Mont.,  description 

of 216-217 

Freezeout  reservoir,  Mont.,  abandonment 

of 217 

French,  J.  A.,  on  Bismarck  project 287-289 

on  Clark  Fork  reconnaissance 224-226 

work  of 224-226,283 

Fueloll,  bldson 67 

Ftmd,  reclamation.    See  Reclamation  fund. 

G. 

Garden  City  project,  canals  at,  details  of. . .      175 

concrete  at 175 

cost  of 176 
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Garden  City  project,  fuel  at 174-175 

irrigable  lands  of 176 

location  of 170 

map  of 170 

operations  under 170-176 

power  development  at 352-353 

power  station  of 173 

pumping     stations      of,     description 

of 170-173,175 

views  of 170, 172 

report  of  board  on 178 

soU  at,  character  of 171 

status  of 176 

underground  water  at,  recovery  of 173 

wells  of,  capacity  of 171-172 

descriptions  of 171 

Garden  Coulee  culvert,  Mont.,  plan  and  de- 

tailsof 206 

Garratt  project,  Okla.,  canals  for 299 

dam  for 299-300 

irrigable  lands  of 299 

pumping  at 299 

reservoir  of 298 

Geddes  &  Seerie  Stone  Co.,  contract  with.. .      233 

Genesee  Valley,  Cal.,  reconnaissance  in 93 

Gering,  Nebr.,  reclamation  near 233 

Gila  crossing,  plans  for 99 

Gila  River,  discharge  of 82 

floods  on 98-100 

valley  of,  canal  through 99-100 

Giles,  J.  M.,  work  of 271-272 

Goldburg  basin,  Idaho,  reservoir  si te  in  —      167 

Goose  Creek,  Idaho,  soils  on 143 

Gore  Canyon,  Colo.,  dam  In 121 

Goshen  Hole  canal,  Nebr.,  description  of.  232-233 

Granby,  Colo.,  gagings  at 125 

Grand  Lake,  Colo.,  diversion  to 127 

gagings  near 126 

reservoir  site  in,  description  of 126-127 

tunnel  from 127 

Grand  River,  Colo.,  diversion  of 127 

gagings  on 122, 125 

reconnaissance  on 124 

reservoir  sites  on,  description  of 121-127 

Grassy  Lakes,  Idaho,  reservoir  site  at,  data 

concerning 162 

Grazing,  rules  for,  necessity  of 31 

GrlfBths  &  McDermott,  contract  with... .  214,237 

Grizzly  Valley,  Cal.,  reservoir  site  in 91, 94-95 

Guemoc,  Cal.,  reservoir  site  at,  data  con- 
cerning   90-91 

Guernsey,  Nebr.,  diversion  dam  at 232 

Gunnison  tunnel,  construction  of,  bids  and 

contractsfor 119 

progress  with i      119 

H. 

Hall,  B.M.,  on  operations  in  New  Mexico.  269-282 

on  operations  in  Oklahoma 290-300 

Hangman  Creek,  Wash.,  reservoir  site  on . .      345 

Hardy,  W.  v.,  work  of 103 

Harper  reservoir  site,  Oreg.,  examination 

of 301 

Harris,  A.  L..  work  of 65,74 

Hat  Creek,  S.  Dak.,  storage  on 327 

Havre,  Mont.,  gagings  at 181 
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Hawley,  R.  W.,  workof 105 

Hemlock  canal  (Imperial  Valley),  flow  of.  104-105 
Henny,  D.  C,  on  operations  la  Washing- 
ton  335-345 

workof 97,302,335,336,345 

Henry  Lake,  Idaho,  reservoir  site  at,  de- 

scripUonof 152-153,155,159 

Hesperus,  Colo.,  reservoir  site  near 281-282 

Hill,  L.  C,  on  operations  In  Arizona 65-S2 

Hinderlider,  M.  C,  on  La  Plata  Valley  proj- 
ect    280-282 

Hollings worth,  A.,  underflow  ditch  of,  data 

concerning 255 

Holt  Canal   (Imperial  Valley),  Cal.,  flow 

of 104-105 

Homestead,  entry  of,  limitations  on 22, 24-25 

Homestead  law,  compliance  with... 26 

Hondo  project,  cement  for,  prices  of 360-361 

contracts  under 42 

expenditures  under 279 

llablHtiee  on 35 

purchases  under 38 

operations  under 278-279 

sand  at,  tests  of 357 

imit  prices  under 46,48,50,54-58 

work  on,  progress  of 33 

Horse  Fly  reservoir,  borings  at 85 

gagings  at 86,88 

location  of 83 

Hot  Sulphur  Springs,  Colo.,  gagings  at 125 

Humboldt  River  project,  operations  under.      267 

Humpherys,  T.  H.,  workof 83,84 

Huntley  project,  canals  at 209 

canals  at,  plans  of 210,212,214 

cement  for,  prices  of 360 

tests  of 359 

contracts  under m 41,209-214 

description  of 209 

expenditures  at 215 

irrigable  lands  at 209 

land  classiflcationat.... 356 

liabilities  on 35 

location  of 209 

main  canal,  bids  on 212-214 

map  of 208 

operations  imder 20^215 

power  plant  at 209, 353 

pumping  station  at,  figures  showing..  212, 214 

structures  on,  bids  on 210-212 

telephone  at 214 

tunnels  at 209 

views  of 212 

unit  prices  under 46, 48^1, 53, 55^7, 360 

water  supply  at 215 

work  on ,  progress  of 32 

I. 

Idaho,  contacts  in,  status  of 41,44 

contracts  in,  unit  prices  in  .  46, 49-61, 53-56, 58 

cooperation  of 169 

expenditures  in 34-35 

land  classification  in 356 

operations  in 128-169 

power  development  in 352 

purchases  in v       37 

reclamation  fund  for,  receipts  of 34-35 
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Idaho,  reconnaissances  in 160-168 

stream  gaging  in 168-169 

Ideal  cement,  tests  of 357-359 

Illinois  Steel  Co.,  cement  of,  tests  of 357-359 

contract  with 214 

Imperial  Valley,  Cal.,  canals  to,  measure- 
ments of 104-107 

duty  of  water  in 103-104 

investigations  in 102-108 

irrigable  lands  in 103 

location  and  character  of 102 

map  of 102 

possible  submergence  of 108 

water  supply  of 103 

Indian  reservations,  status  of 29 

Indian  Creek,  Cal.,  reservoir  site  on,  data 

concerning 90-91,93 

survey  of 93 

Indian  Creek,  S.  Dak.,  canal  to 316 

Interior,  Secretary  of,  decisions  of 24-30 

Interstate  canal,  construction  of,  bids  and 

contracts  for 236-252 

lands  imder 236-237 

views  of 234,236 

lola  cement,  price  of 175 

tests  of 357-359 

lola  Portland  Cement  Co.,  cement  of,  tests 

of 357-359 

Iron.    See  Cast  iron. 

Iron  Canyon,  Cal.,  reservoir  site  at,  data 

concerning 90-91 

Irrigation,  success  under 60 

Irrigation  works,  examinations  and  surveys 

for 21-22 

maintenance  of 23 

rei)orts  on 21-22 

purchase  of 28 

Island  Park,  Idaho,  reservoir  site  at,  data 

concerning 152-155, 159 

J. 

Jackson  Lake,  dam  at 145 

reservoir  site  In,  description  of 144-145 

Jacobs,  Joseph,  work  of 83, 84 

Jefferson  River,  Mont. ,  crossing  of 230 

Jenny  Lake,  Idaho,  storage  in 144 

Jess  Valley,  Cal.,  reservoir  site  in,  data  con- 
cerning  90-91 

Jewett,  J.  Y.,  on  Arizona  cement 67 

John  Day  River,  flow  of 305 

Jordan  pumping  plant,  Utah,  Increase  in . .      329 

K. 

Kachess,  Lake,  Wash.,  storage  in 339 

Kansas,  contracts  in 44 

expenditures  in 34-35 

operations  in 170-176 

^   power  development  in 352-353 

reclamation  fund  for,  receipts  from 34-35 

Keechelus,  Lake,  Wash.,  storage  in 339 

Kellogg  &  "Wormley ,  contract  with 110 

Kennedy  Creek,  Mont.,  gagings  on 179 

Keno,  Oreg.,cut  at 84-85 

gagingsat 86,89 

power  possibilities  at 85 

Kewin,  J.  J.,  contract  with 120 
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Kilpatrlck  Bros.  &  Co. ,  contract  with 235 

Kittitas  basin.  Wash. ,  irrigated  lands  in . . .  339 
Kittitas  subproject.  Wash.,  description  of  .  342 
Klamath  Canal  Co.,  ditch  of,  purchase  of  . .       85 

Klamath  Falls,  Oreg.,  gaglngs  at 86-87 

power  possibilities  near 85 

Klamath  Falls  Irrigating  Co.,  ditch  of,  use 

of 84 

ditch  of,  purchase  of 85 

Klamath  Lakes,  location  of 83 

reclamation  of 83-84 

Klamath  project,  canals  for 84 

construction  at 89-90 

cost  of 83 

divisions  of 83 

drilling  at 85 

freighting  to,  cost  of 90 

irrigable  lands  under 83 

irrigation  systems  at,  purchase  of 85 

land  classiflcation  In 356 

mapping  of 84 

operations  under 83-90 

power  possibilities  at 85, 352 

railways  to 90 

report  of  board  on 83-84 

reservoir  sites  at 85-86 

soil  examinations  at 86 

surveys  at 83-84 

timnel  at 84 

water  supply  at 86-89 

water  users,  association  at 80 

Klamath  River,  diversion  from 109 

gagingson 86,89 

water  of ,  apiffopriation  of 85 

Klamath  Water  Users  Association,  organi- 
zation and  progress  of 89 

Knowlton  &  BoUen  Co.,  contract  with 110 

Kremmling  reservoir,  borings  at 123-124 

capacity  of 123 

description  of 121-124 

drainage  basin  of 122 

lands  flooded  by 123 

silt  at 122 

L. 

La  Plata,  N.  Mex. ,  reservoir  sites  near 282 

La  Plata  project,  cost  of  rations  at 58 

irrigable  lands  under 280 

location  of 280 

operations  under 280-282 

reservoir  sites  under 281-282 

La  Plata  River,  reservoir  site  on 281-282 

La  Rue,  E.  C,  measurements  by 143-144, 160 

Labor,  cost  of,  in  1905 .ID-tO 

Laguna  dam,  construction  of,  bids  for 98-99 

construction  of,  work  on 99 

gates  of 100 

Lake  basin  project,  description  of 228 

map  of 228 

Lake  Tahoe.    See  Tahoe,  Lake. 

Lands,  grazing,  location  of 31 

location  of,  map  showing 30 

Lands,  irrigable,  classification  of 356 

determination  of 22 

Lands,  irrigated,  deterioration  of 22 

Lands,  private,  exchange  of 29 


Digitized  by  VjOOQ IC 


868 


INDEX. 


Page. 

Lands,  private,  reclamation  of 23 

subdivision  of 2&-29 

Lands,  public,  entries  on,  cancellation  of . . .       25 

restoration  of 26 

withdrawals  of 22,24-25 

notice  of 30 

procedure  in 24-25 

Lands,  reclaimed,  ownership  of,  restriction 

on .- 23 

subdivision  of 26 

Langells  Valley,  Cal.,  irrigation  in 83 

Las  Vegas  project,  operations  under 280 

Last  Chance  Creek,  Cal.,  reservoir  site  on . .       95 

Lawson,  L.  M.,  work  of 94 

Leadbetter  subproject.  Wash.,  description 

of 341-342 

power  at 355 

Lehman,  Colo.,  reservoir  site  near,  descrip- 
tion of 12{>-126 

Lemhi  River,  reconnaissance  on 168 

Lewis,  J.  H.,  appointment  of 308 

Lewis  Lake,  Idaho,  reservoir  site  at,  descrip- 
tion of 152,157-150 

storage  In 144 

Lignite,  investigation  into 283-284 

occurrence  and  use  of 353-354 

Link  River,  diversion  of 83, 84 

measurements  on 86-87 

Lippincott,  J.  B.,  on  operations  in  Cali- 
fornia   83-100 

work  of 83,84,103 

Little  Heart  area,  N.  Dak.,  survey  of 288 

Little  Indian  Valley,  Cal.,  reservoir  site  in, 

data  concerning 90-91 

Little  Klamath  Water  Ditch  Co.,  ditch  of, 

purchase  of 85 

Little  Missouri  River,  reconnaissance  on  .  327-328 
Little  Porcupine,  Idaho,  reservoir  site  at. 

data  concerning 152 

Livingstone,  Ariz.,  alligator  at,  view  of 64 

Llewellyn  Iron  Works,  contract  with 74 

Lonesome  Lake,  Mont.,  reservoir  in 187-188 

Long  Lake,  N.  Dak.,  reservoir  in 288 

Long  Valley,  Cal. ,  examination  of 94 

Long  Valley,  Cal. ,  reservoir  site,  borings  at. .       96 

capacity  of 97 

Loon  Lake,  Idaho,  reservoir  site  at,  data 

concerning 152 

Los  Angeles,  Cal.,  purchase  of  lands  by 97 

Lost  River,  Cal.,  measurements  on 86-88 

Lost  River,  Idaho,  reconnaissances  on 160 

Lovell,  W.  D.,  contracts  with 214, 353 

Lower  Yellowstone  project,  canals  of,  con- 
struction of,  bids  and  contracts 

for 189-206 

canals  of .  plans  of 200,202,204,206 

cement  for,  prices  of 206.360-361 

tests  of 350 

contracts  under • 41 

dam  at 206 

expenditures  for 208 

inlgible  lands  under 188-189 

land  classification  at 356 

laterals  for,  bids  on 202-204 

liabilities  on 36 

map  of 188 
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Lower  Yellowstone  project,  main  canal  of, 

bids  on 190-202 

railroad  lands  imder 206-207 

report  of  board  on 189 

structures  for,  bids  on 194-200 

telephone  line  for,  bids  on 205 

unit  prices  under 46-50,53-58,360-361 

work  on,  progress  of 331 

Lower  Yellowstone  Water  Users'  Associa- 
tion, organization  of 208 

Ludy  canal,  Yuma  project,  injury  to 101 

sale  of 101 

Lugert  reservoir  site,  Okla.,  canals  from .  293-294 
capacity  of 293 

Lumber  at  Salt  River,  cost  of 7»-74 


McAllisters  Meadows,  Wash.,  storage  in  . . .      340 
McCloud  River  Railway  Co.,  construction 

by 90 

McLaughlin,  W.  W.,  work  of 144 

McMillan,  Lake,  investigations  at 276-277 

leaks  at 275-276 

reservoir  In,  description  of . . . .  26^289, 276-277 

Madison  River  project,  canals  under 228-229 

description  of 228-229 

irrlgible  lands  at 229 

land  withdrawals  under 229-230 

map  of 230 

operations  under 228-230 

surveys  of 230 

water  supply  of 230 

Maintenance  of  works,  provision  for 23 

Malheur  project,  cost  of 302 

description  of ,. 301 

irrlgible  lands  of 302 

land  classification  at 356 

land  withdrawals  of 302 

location  of 301 

operations  under 301-303 

power  development  In 355 

report  of  board  on 302 

surveys  of 301 

water  supply  of 301-302 

Malheur  River,  measurement  of 301-302 

Malheur  Water  Users*  Association,  organi- 
sation of 303 

Malley,  Edward,  contract  with 265 

Malott,  Wash.,  gaging  at 335 

Malta,  Mont.,  diversions  near 184-185 

gagings  at 181 

Marias  canal  system,  irrlgible  lands  under  .      178 

Marias  project,  canals  of 187-188 

operations  under 185-188 

pumping  under 187 

storage  under 186 

Marias  River,  reservoir  on 186-187 

Marsh  Valley,  Utah,  reclamation  In 33d 

Masonry,  unit  prices  of 48 

Matthes,  Q.  H.,  on  Kremmllng  reservoir 

site 121-124 

on  upper  G  rande  River  reservoir  sites.  124-137 

work  of 123,124 

Mattingly,  R.  C,  contract  with 259 

Mead,  Elwood,  work  of 232 

Meadow  Valley ,  Cal. ,  examination  of 94 
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Means,  T.  H.,  work  of 103 

Medicine  Lodge  Creek,  Idaho,  reconnais- 

sanceon 160 

Merrill,  Oreg.,  measurements  at 86-^ 

Military  resenrations,  status  of 29 

Milk  River,  basin  of ,  crnals  in 1S2-183 

canals  from 182,183-185 

description  of 177 

diversion  to 177 

gagingson 181  i 

seepage  on 181-182 

Milk  River  project,  canals  of 180-181 

irrigable  lands  under 178 

operations  under 177-185 

Mill  Site,  Cal.,  reservoir  site  at,  data  ci    - 

cemlng 90-91 

Miller  Creek,  Cal.,  measurements  on ^,88 

Mine  and  Smelter  Supply  Co. ,  contract  with .       65 

Minidoka  project,  alkaU  at 140-142 

bridge  for,  bids  on 133-134 

canals  of,  construction  of,  bids  and  con- 
tracts f or . .  .t 129-135 

description  of 135-136 

cement  for,  price  of 360-361 

tests  of 369 

contracts  under/. 41 

crops  at 139-140 

dam  of 129-130 

power  at 145-146 

dam  at,  view  of 128 

distribution  system  for,  bids  on 130-135 

drainage  of 138-139 

expenditures  under 138 

irrigable  lands  at 138 

land  classification  In 356 

liabiUtieson 36 

purchases  under 37 

operations  under 129-146 

power  development  at 352 

sand  at,  tests  of 357 

soils  of 138-143 

analyses  of 142 

structures  for,  bids  on 133-135 

telephone  for,  bids  and  contract  for 137 

town  sites  at ... : 138 

unit  prices  under 46, 49-51, 53-56, 58, 360 

wells  at 137 

work  on,  progress  of 32 

Mining  claims,  noninterference  with 25 

Missouri  River,  flow  of 284 

power  from 353 

Mohawk  Valley,  Cal.,  examination  of 91, 94 

Montana,  contracts  in,  status  of 41, 44 

contracts  in,  unit  prices  in 46-51,53-58 

expenditures  in 34-35 

land  classification  in 356 

operations  in 177-230 

power  development  In 353 

reclamation  fund  for,  receipts  of 34-35 

Montlcello,  Cal.,  reservoir  site  at,  data  con- 

ceminj; 90-91 

Montrose  Hardware  Co. ,  contract  \iith 120 

Moore  Brothers'  canal,  acquisition  of 86 

Mountain  Ash,  Idaho,  reservoir  site  at . . .  152-153 

reservoir  site  at,  description  of . . .  156-157, 159 

Mountain  Meadow,  Cal.,  reconnaissance  in.  93-94 


Page. 
Mountain  Park  reservoir  site,  Okla.,  canals 

from 294-295 

capacity  of 294 

Mouse  River  project,  description  of 289 

Moxle  Valley,  irrigated  lands  in 339 

Mud  Creek  basin,  Cal.,  examination  of. 94 

Mud  Lake  reservoir,  Mont. ,  data  concerning.      185 

Muddy  Creek,  Colo.,  gaglngs  of 122 

Muldrow,  Robert,  work  of 64 

Murphy,  D.  W.,  work  of 103 

Myers,  E.  W.  on  Carlsbad  project 268-278 

N. 

Naches  River,  irrigated  lands  on 339 

Nampa-Merlden  irrigation  district,  Idaho, 

organization  and  work  of 150-151 

Navajo  reservoir  site,  Okla.,  dam  of 291 

diversion  ditches  at. 291-292 

surveys  at 290-291 

Navigable  streams,  reclamation  on 30 

Nebraska,  contracts  in,  status  of 42, 44 

contracts  in,  unit  prices  in 58 

land  classification  in 356 

operations  In 231-236 

purchases  in 37 

reclamation  fund  for,  receipts  and  ex- 
penditures in 34-35 

Nesson  project,  coal  on 283-284 

data  concerning 287 

description  of 286 

expenditures  in 34-35 

map  of 284 

operations  on 286 

water  users'  association  at 287 

Nevada,  contracts  in,  status  of 42, 44 

contracts  in,  unit  prices  in 46-57 

evaporation  in 267 

land  classification  in 356 

operations  in 259-268 

purchases  in 38 

reclamation  fund  lor,  receipts  of M-^ 

reconnaissances  in 267 

water  supply  of 268 

New  Mexico,  contracts  in,  status  of 42, 45 

contracts  in,  unit  prices  in 46, 48, 50. 54-58 

expenditures  in 34-36 

operations  in 269-282 

land  classification  in 356 

purchases  in 38 

reclamation  fund  for,  receipts  of 34-35 

New  River,  Cal.,  flow  of 106-107 

New  York  canal,  Idaho,  acquisition  of 128 

use  of 148, 150 

Newell,  F.  H.,  workof 84,103 

Noble,  T.  A.,  on  Yakima  Valley  projects . .  337-345 
workof 344-345 

North  Canadian  River,  character  of 296 

storage  on 297 

North  Dakota,  contracts  in,  status  of 41,46 

contracts  In,  unit  prices  in 46-51, 53-^ 

lignite  of 353-354 

land  classification  In 356 

operationsin  188-209,283-289 

power  development  in 353-355 

reclamation  fund  for,  receipts  and  ex- 
penditures for 34-35 
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North  Inlet  Creek,  Colo.,  gagings  of 125 

North  Platte,  Nebr. ,  underflow  at 256 

North  Platte  project,  canal  under,  construc- 
tion of,  bide  and  contracts  for.  236-252 

contracts  under 42 

dam  for,  construction  of,  bids  and  con- 
tracts for 23.1-234 

expenditures  for 253 

land  classification  at 356 

liabilities  under 35 

operations  under 231-253 

purchases  under 37 

sand  at,  tests  of 357 

structure  on  canals  of,  bids  on 248-249 

unit  prices  under 58-360 

work  on,  progress  of 33 

Set  also   Pathfinder  reservoir;   Inter- 
state canal. 

North  Platte  River,  bridge  over 235 

flow  of 231 

O. 

O'Connor,  James,  contract  with 237 

Ogalalla,  Nebr.,  underflow  at 254-255 

Oil,  fuel,  prices  of 67 

Okanogan  project,  Wash.,  irrigable  lands 

of 335-336 

map  of 336 

operations  under 335-337 

report  of  engineers  on 335-337 

reeervoira  on 336 

water  supply  of 335 

Oklahoma,  canals  in 296 

contracts  in 45 

cost  of  rations  in 58 

expenditures  in 34-35 

irrigable  lands  In 296 

operations  in 290-300 

rainfaUin 295 

reclamation  fund  for,  receipts  of 34-35 

reconnaissances  in 295-300 

streams  of 295-296 

water  supply  of 296 

Oldberg,  C.  R.,  work  of 64 

Options,  purchase  of 29 

Oregon,  contracts  in 45 

cooperation  with 306-308 

expenditures  in 34-35 

land  classification  in 356 

Uwsof 302,306-308 

operations  in 83-90,301-308 

power  development  in 355 

reclamation  fund  for,  receipts  of 34-35 

Oregon  House  reservoir,  Cal.,  map  of 95 

Orman  &  Crook,  contracts  with 1 10, 237 

O'Rourke  &  Co.,  contract  with 72 

Otter  Creek,  Okla.,  reservoir  site  on 294 

Owens,  H.  K.,  work  of 344 

Owens  Valley  project,  operations  imder 96-97 

report  of  board  on ^ 97 

Owl  Creek,  8.  Dak.,  re9er\'olr  on 313 

Owyhee  project,  lands  under 304 

location  of 303 

operations  under 303-304 

power  development  at 355 

surveys  on 303 

water  supply  of 304 
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Pacific  Coast  Construction  Co.,  contract 

with 259 

Pacific  Portland  Cement  Co.,  contract  with       265 
Pahsimeroi  River,  Idaho,  duty  of  water  on       167 

reconnaissance  of 167-168 

Palouse  project,  land  classification  at 356 

operations  under 345 

report  of  board  on 346 

Palouse  River,  Wash.,  storage  on 345 

Pasco  tract.  Wash.,  location  and  character 

of 343-344 

Parshall,  A.  J.,  work  of 232 

Pathfinder  reservoir,  canals  for,  construc- 
tion of,  bids  and  contracts  for.  236-2S2 

canals  for,  views  of 236 

capacity  of 231 

cement  for,  tests  of 2S9 

dam  at,  construction  of,  bids  and  con- 
tract for 233-234 

plates  showing 232,234,236 

location  of 231 

reservoir  at,  pureha^  of  land  for 236 

sand  at,  tests  for 357-358 

tunnel  at,  construction  of,  bids  and  con- 
tract for ^ 2S5 

view  of / 234 

Pavement,  unit  prices  for 51 

Payette-Boise  project,  canals  of 146-151 

cost  of 128,150 

north  side  division  of,  canals  of 147 

operations  under 128, 146-151 

Payette  division  of 146-147 

canals  under 146-147 

irrigable  lands  imder 146 

power  development  at 352 

report  of  board  on 128, 130, 150 

reservoirs  of 146,148-150 

rights  of  way  for 161 

south  side  division  of 147-140 

canals  of 148-149 

nonirrigable  lands  of 147 

reservoirs  of 148-149 

Succor  Creek  division,  reservoire  in 149 

Payette-Boise  Water  Users  Association, 

progress  of 128, 151 

Payette  River,  storage  on 149-150 

Payson  Creek,  Utah,  flow  of 331 

Pease,  W.  D.,  work  of 232 

Pecos  Irrigation  Co.,  unsatisfactory  condi- 
tion of 268 

Pecos  River,  flow  of 272 

irrigable  lands  on 270 

Penn  Valley,  Cal.,  reservoir  site  in 96 

Phelan  &  Shirley,  contract  with 189, 214 

Piles,  unit  prices  of 47 

Pipe,  terra-cotta,  unit  prices  of 48 

Pit  River,  Cal.,  reservoir  sites  on 90 

Platte   River.     See  South  Platte;    North 
Platte. 

Poe  Valley,  Cal.,  irrigation  in 83 

Port  Neuf-Blackfoot  divide,  Idaho,  recon- 
naissance of 162 

Portland  Cement  Co., Colo., cement  of,  tests 

of 357-350 

Portland  Cement  Co.  of  Utah,  cement  of, 

teste  of 367-369 
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Power  development,  account  of 351-356 

PrendergBst,  F.  F.,  work  of 221 

Prlcee.    See  also  Unit  prices. 

Priest  Rapids  project,  canals  of 344 

climate  of 343 

Irrigable  lands  of 343-344 

operations  under 342-345 

power  at 344,355 

surveys  at 344-345 

Priest  Rapids  tract,  location  and  character 

of : 343-344 

Printing,  decisions  concerning 29 

Progress  of  work,  outline  of 31-33 

Projects,   reclamation.     See    Reclamation 
projects. 

Pryor  Creek.  Mont. ,  canal  crossing  at 209 

canal  crossing  at,  view  of 214 

Puddling,  unit  pricesfor 57 

Pumping,  development  of 351-355 

Purchases,  regulations  for 28 

Puta  Creek,  Cal.,  reservoir  sites  on,  data 

concerning 90-92 

survey  of 91 

Pyramid  take-out,  Nev.,  view  of 264 

Q. 

Quinton,  J.  H.,  on  operations  in  Colorado.  110-127 
work  of 189,258,259 

R. 

Range  lands,  location  of,  map  showing 30 

Rations,  unit  prices  for 52 

Rattlesnake    tract.   Wash.,   location    and 

character  of 343-344 

Reabum,  D.  L.,  work  of 84 

Reclamation,  obstacles  to 31,59 

Reclamation  fund,  derivation  of 21 

distribution  of 23 

expendittmes  under 31-36,60 

liabilities  under 35,61 

purchases  under 36-38 

receipts  of 33-36 

repayment  of 22-23 

safety  of,  provisions  for 59-60 

use  of,  restrictions  on 23,30 

Reclamation  law,  details  of,  explanation  of  21-24 

regulations  under 24 

text  of 19-21 

Reclamation  projects,  cost  of,  notice  of 30 

examinations  and  surveys  for 21-22 

location  of 30-31 

map  showing 30 

procedure  in 38-39 

reports  on 21-22 

work  on,  progress  of 31-33 

Reclamation  service,  organization  of 21 

Reclamation  works,  cost  of 62-63 

8te  also  Irrigation. 
Re<J  Clover  Valley,  Cal.,  reservoir  site  in  . . .       95 

Red  Piamond  cement,  tests  of 357-359 

Red  Kiver  (North  Fork),  Okla.,  reservoir 

siteson 290-294 

Reed,  W.  M.,  on  Hondo  project 278-279 

r^ords  by 273 

Reedy ,  O.  T.,  work  of ft! 
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Reservations.    See    Indian     reservations; 
Military  reservations. 

Rhead,  J.  L.,  work  of 280 

Rldenbaugh  canal,  Idaho,  purchase  of 150-151 

Rights  of  way,  application  for 27 

reservation  of 27 

rights  under 27 

Rio  Orande  project,  canals  and  dam  of. . .'. .      280 

operations  imder 279-280 

Riprap,  unit  prices  of 50 

Road  Lands  Company,  lands  of 302 

Roads,  construction  of 73 

Robbie  Creek,  Utah,  flow  of 331 

Robbins,  8.  B.,  on  Sim  River  project 215-224 

Robinson,  S.  R.  H.,  contract  with 310 

Robinson  &  Maney ,  contract  with 237 

Robinson  Fork,  storage  on 152 

Rock  Creek,  Wash.,  reservoir  site  on 345 

Rock  Creek  basin,  Cal.,  examination  of 94 

Rock  fill,  unit  prices  of 50 

Roosevelt  dam,  construction  of,  bids  for. . .  69-71 

data  concerning 68-72 

hydraulic  gates  of 74 

Ross,  D.  W.,  on  operations  in  Idaho 128-169 

Roswell,  N.  Mex.,  gaging  at 272 

Round  Valley,  Cal.,  reservoir  site  in,  data 

conoemipg 90-91 

S. 

Sacramento  River,  basin  of,  map  showing. .       90 

investigations  on 90-96 

measurements  on 90 

reservoir  sites  on,  data  concerning 90-96 

Sacramento  Valley  projects,  examinations 

of 90-96 

location  of,  map  showing 90 

St.  Mary  Lakes,  Mont.,  storage  in 180 

St.  Mary  River,  description  of 177 

diversion  from 177,179 

gaging  on 179 

storage  on 180 

water  supply  of 179 

Salmon  Creek,  Wash.,  flow  of 336 

irrigation  from 335-336 

Salmon  Lake,  Wash.,  reservoir  site  in 336 

Salmon  River,  Idaho,  character  of 165 

reclamation  on 165-168 

Salt  River  project,  cement  at,  analyses  of. .  66-67 

cement  at,  tests  of 359 

cement  mill  at 65-67, 81 

views  in 68 

construction  at 64 

contracts  under 40 

dam  at 68-72,74 

drawings  for 73 

expenditures  at 817 

freighting  to,  cost  of 73, 81 

gaging  at 81 

heat  at 64 

lands  under,  purchase  of 64,81 

Uabilitleson 35 

lumber  at 73-74, 81 

oil  at,  use  and  price  of 67,81 

operations  under 65-81 

power  canal  at 64-65, 81 
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Salt  River  project,  power  cajial  at,  views  on .  64, 66 

power  plant  at 74-79,81,351-362 

purchases  under 86-37 

roads  to 73, 81 

sand-crushing  plant  at 65 

sanitation  at 64 

telephone  to 72, 81 

underground  water  at 80 

unitpricesin 48-49,53,56-58,360-361 

valley  of,  underground  water  of 80 

water  works  at 64, 81 

woric  on,  progress  of 32 

See  dUo  Roosevelt  dam. 
Salton  Sink,  diversion  of  Colorado  River 

to 107-108 

location  of 102 

water  lost  in 106-107 

San  Carlos  project,  operations  under 82 

water  supply  and  reservoir  of 82 

San  Francisco  Construction  Co.,  contract 

with *. 259 

San  Joaquin  Valley,  underground  waters  of, 

study  of 96 

Sand  cement,  tests  of 358 

Sand-crushing  plant,  Salt  River  project, 

installation  of 65 

Sanders,  Mont.,  irrigation  ne^r 227 

Sanders,  W.  H„  work  of 84, 103, 176 

Sands,  tests  of 357-358 

Sass  raining  claims,  Ariz.,  purchase  of 101 

Savage,  H.  N .,  on  operations  in  Montana. .  177-230 

on  operations  in  North  Dakota 283-289 

on  operations  in  Wyoming 346-350 

work  of , 189,283 

Schlect,  W.  W.,  on  reconnaissance  in  Okla- 
homa   295-300 

Scotch  basin,  reservoir  site  in 336 

Secretary  of  Interior,  decisions  of 24-30 

Shasta  River,  Cal.,  location  of 108 

Shasta  Valley,  Cal.,  investigations  in 108-109 

irrigable  lands  at 109 

location  of 108 

Sherer  (Robert)  A  Co.,  contract  with 65 

Shoshone  Lake,  Idaho,  storage  in .  144, 152, 157-159 

Shoshone  project,  canals  of 347 

cement  for,  prices  of 360-361 

contracts  under 43 

Corbett  tunnel,  bids  on 347 

dam  at,  bids  and  contract  for 348-350 

plates  showing 348,350 

diversion  by 228 

,  expenditures  on 350 

land  classification  at 356 

liabilities  under 35 

operations  under 35, 346-350 

reservoir  of 348 

road  to 350 

soils  of 348 

surveys  ol 346 

tunnels  for,  bids  and  contracts  for 346-347 

plates  showing 346, 350 

Sierra  Ancha,  Ariz.,  road  to 73 

Silver  Lake  project,  Oreg.,  examination  at.      306 
Slichter,  C.  S.,  on  operations  in  Kansas  . .  170-176 
on  South  Platte  underflow  investiga- 
tions   253-257 
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SUchter,  C.  8.,  work  of 176 

Slinkard  Construction  Company,  contract 

with 278 

Smith.  C.  B.,  on  Jackson  Lake  reservoir  site.      145 

Smith,  C.  W.,  work  of 72 

Snake  River,  diversion  of,  to  Salt  Lake 

basin 162-163 

flow  of 143-144 

irrigable  lands  on 144 

gagings  on 168-169 

reclamation  on 144, 15&-160 

reconnaissance  on 151 

storage  on 128-129,144,152 

water  of,  character  of 141 

Sodedad  Irrigacidn  y  Terrenes  de  la  Baja 

California,  work  of , 102 

Soldiers' entry,  rightsunder 26 

South  Dakota,  contracts  in,  status  of 43, 45 

contracts  In,  unit  prices  in.  46-47,49-50,52,54-85 

expenditures  in 34-35 

land  classification  in 356 

operations  in 309-328 

rainfall  in 309 

reclamation  fund  for,  receipts  of 34-35 

reconnaissances  in 309,327-328 

stream  measurements  in 328 

South  Platte  River,  description  of 253 

gravels  of 253-254 

pumping  on 257 

underflow  on 253-257 

source  of 255-256 

utiUzaUonof 256-257 

Southern  Pacific  Railroad,  submergence  of.      106 

Spanish  Fork,  Utah,flowof 331 

Spanish  Ranch  Valley,  examination  of 94 

Spear,  Charles,  contract  with 346-347 

Speannan,  Charles,  work  of 144 

Sprague  River,  measurements  on 86 

Sprigg,  A.  M.,  wofk  of 64 

Squirrel  Creek,  Idaho,  reservoir  site  on,  data 

concerning 152 

Stabem,  Charles,  contract  with 189 

Stanley,  J.  F„  contract  with .' 235 

Stannard,  J.  D.,  work  of 80 

State  laws,  harmonization  of 23 

noninterference  with 23-24 

Steel,  unit  prices  of 46 

Sterling,  Nebr. ,  underground  water  at 254 

Stillwater  Creek,  Cok>.,  reconnaissance  on. .      124 

Stockton,  R.  S.,  work  of 353 

Stone,  E.  B.  &  A.  L.,  Co.,  contract  with ....      258 

Stone  Johnnie  reservoir,  capacity  of 216 

Stony  Creek,  Cal. ,  reservoir  sites  on 90 

Storrs,  H.  A.,  work  of 176, 283, 351, 353-354 

Stratton,  Q.  E.,  on  Madison  River  project.  228-230 

Strawberry  River,  Utah,  flow  of 331-332 

Strawberry  Valley,  U tab,  buildings  for 334 

canals  of 333 

dam  of 332 

Irrigable  lands  of 330-331 

Strawberry     Valley     project,     operations 

under 330-334 

reservoir  of S32 

roads  to 334 

tunnel  of 332-333 

water  supply  of 331-3S2 
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Strawberry  Valley  Water  Users'  Associa- 
tion, organization  of 333-334 

Streams,  measurements  of 16^-160, 328 

Subcontractors,  importance  of 40 

Sullivan,  V.  L.,  work  of 271 

Sun    River    (North    Fork),   reservoir   on, 

capacity  of 219 

Sun  River  project,  canals  of 216-217, 220 

dam  sites  at 218 

irrigable  lands  at 218-220,222-223 

land  withdrawals  at 223 

operations  under 21&-224 

power  at 220 

reservoirs  at 216-219,221-222 

residents  imder,  petition  of 224 

tunnels  in 215-217, 220 

water  users*  association  at 223-224 

Sunny  side    canal,   Wash.,  irrigated  lands 

under 339 

water  rights  of 341 

Simnyside  subproject,  Wash.,  description 

of 340-341 

report  of  board  on 341 

Surveys,  makhig  of 27-28  l 

Swain,  C.  W.,  contract  with 250  | 

Sweetwater  Valley  canals,  suspension   of 

work  on 231 

Swendsen,  O.  L.,  on  operations  in  Utah..  329-334  I 

Swift,  W.  E.,  work  of 363  i 

S'^riftcurrent  Creek,  Mont.,  gagings  on 179  i 

T.  I 

Tahoe,  Lake,  irrigation  from 258  i 

outlet  of,  works  at,  views  of 266  I 

reservoir  in,  construction  of,  bids  and  | 

contract  for 264-266 

legal  difBcultles  with 265  I 

Tatlow,  Samuel,  petition  of 297  | 

Taylor,  L.  H.,  on  operations  in  Nevada. . .  259-268  i 

work  of 97 

Taylor-Moore  Construction  Co..  contracts 

with 119,278-279  ; 

Teichman,  T.,  work  of 65,74  | 

Telephones,  unit  prices  for 58  i 

Terra-cotta  pipe,  unit  prices  of 48 

Teton  Slope  canal,  Mont.,  description  of.  217-218  \ 

irrigable  land  under 218 

Teton  River,  Idaho,  reservoir  site  on,  de- 
scription of 152-153,168-159 

Thompson  Valley,  Cal..  examination  of . . .       94 

Thorpe,  J.  R.,  contract  with 72 

Tieton  subproject.  Wash.,  description  of...      340  | 

Titles,  proofs  of 28 

Tobleman,  H.  A.,  analyses  by 66  j 

Trespassers,  removal  of 29 

Truckee  canal,  view  on 264  , 

Truckee-Carson  project,  canals  of 258-263 

canals  of,  construction  of,  bids  and  con-  . 

tracts  for 260-263  I 

views  of 258,264,266  | 

cement  for,  prices  of 360-361  I 

contracts  under 42 

expenditures  on 266 

Lake  Tahoe  regulating  works,  bids  on . .      265 
lateral  ditches  for,  bids  on 260-263 
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Tniokee-Carson  project,  liabilities  on 36 

operations  under 259-266 

power  at s,      259 

purchases  under 38 

report  of  board  on 258-259 

telephone  at ; 265 

unit  prices  under 46-57,360 

work  on,  progress  of 33 

Truckee  River,  diveFsion  of 258 

diversion  of,  view  of 258 

reservoir  sites  on 258 

Xule  Lake,  location  of 83 

outlet  of 86 

reclamation  of 83-84 

Timnels,  unit  prices  of 50-51 

Turner,  W.  T.,  work  of 216,221 

Tuttle,  John,  contract  with 65 

Two  Medicine  Lake.  Mont. ,  storage  in 186 

Two  Ocean  Lake,  Idaho,  storage  in 144 

U. 

Umatilla  project,  Oreg. ,  lands  of 305 

location  of 304 

map  of 304 

operations  tmder .%4-305 

water  supply  of 305 

Uncompahgre  Valley  project,  canals  of,  con- 
struction of,  bids  and  contracts 

for 110-120 

canals  of,  views  of 112, 118 

contracts  imdcr 41 

expenditures  under 120-121 

gagings  imder 120 

land  classification  in 356 

liabilities  on 35 

map  of 110 

operations  in 110-121 

purchases  under 37 

sand  at,  tests  of 357 

south  canal  under,  bids  on 111-118 

tunnel  on  e-nd  bids  for,  progress  on 119 

unit  prices  under 49-52, 54-56, 58 

west  canal,  bids  for 119 

work  on,  progress  of 32 

See  also  Gunnison  tunnel. 
Uncompahgre  Valley  Water  Users'  Associa- 
tion, progress  of 120 

subdivision  of  lands  under 29 

Unit  prices,  schedules  of 46-58 

United  States,  western,  maps  of 30 

Universal  cement,  tests  of 357-359 

Upper  Ford,  Idaho,  reservoir  site  at,  data 

concerning 152 

Urton  Lake  project,  operations  under 280 

Utah,  expenditures  in 34-35 

operations  In 329-334 

projects  in 329 

reclamation  fund  for,  receipts  of 34-35 

Utah  Lake  project,  operations  under 329 

report  of  board  on 329 

V. 

Vale,  Oreg.,  gaging  at 301-302 

Verde  River,  reservoir  on 80 
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Waco-Sanders  subproject,  description  of . . .      227 

Wade.  J.  W.,  work  of 223  1 

Walker  River  project,  operations  under —  266  | 
Walter,  R.  F.,  on  Belle  Fourche  project..  309-327  , 
W arm  Springs  Valley ,  Cal. ,  reservoir  site  in,  ' 

data  concerning 90-91 

Warren,  C.  A.,  and  Co.,  contract  with 258  i 

Washington,  contracts  in 45  | 

expenditures  In 34-35  I 

land  classification  In 356 

laws  of 337 

operations  in 335-346 

power  development  in 365 

reclamation  fund  for,  receipts  of 34-36 

Washtucna  Coulee,  Wash. ,  reservoir  site  in .     345 

Water,  appropriation  of 26-27 

reservation  of 24,26-27 

storage  of,  for  domestic  purposes,  no 

authority  for 24 

Water  users'  associations,  status  of 30 

transfer  of  works  to 23 

Watson,  William,  work  of 94 

Weed,  G.  W.,  work  of 216 

Weed  Railway  Co.,  construction  by 90 

Wells,  C.  E.,  on  operations  in  Nebraska..  231-257 

Wells,  artesian,  making  of 28 

West  Valley,  Cal.,  reservoir  site  in,  data 

concerning 90-91 

Western  Portland  Cement  Co.,  cement  of, 

tests  of 357-359 

Western  Power  Co.,  reservoirs,  sites  of 92-93 

Weymouth,  F.  E.,  on  Lower  Yellowstone 

project 188-208 

Whalen  Falls  canal,  Nebr.,  lands  under 236 

Wherli  timnel,  Ariz.,  view  of 64 

Whistler,  J.  T.,  on  operations  in  Oregon. .  301-308 

work  of 302 

White,  J.  G.,  &  Co.,  contract  with 99 

Widell-Flnley  Co.,  contracU  with 189, 310 

Wiley,  A.  J.,  work  of 189,335,336,346 

Williams  Fork,  Colo.,  gagings  near 122 

reconnaissance  on 124 

Williston  district  projects,  irrigable  lands  of      284 

map  of 284 

operations  on 283-287 

report  of  board  on i 283 

Williston  project,  coal  on,  investigation  of.  283-284 

data  concerning 287 

description  of 285-286 

map  of 284 

operations  on 285-286 

water  users,  association  at 286 

subdivisions  of . . .  j 283 

water  supply  of 284 

Willow  Creek,  Mont.,  reservoir  site  at,  ca- 
pacity of 221 

Willow  Creek  project,  operations  under 304 

Windy  Gap,  Colo.,  reservoir  site  at,  descrip- 
tion of 125 
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Winters,  Cal.,  reservoir  site  near 91 

Wlaner,  O.  Y.,  work  of 83,84,103,258,259 

Wolf  Creek,  Okla.,  absence  of  reservoir  site 

on 296 

description  of 296-297 

Wood,  Bancroft  &  Doty,  contract  with  —      279 

Wood  River,  Idaho,  reconnaissances  on 160 

Woodland,  location  of,  maps  showing 30 

Wyoming,  contracts  in,  status  of 42-43, 45 

contracts  in,  unit  prices  In 58 

expenditures  in 34-35 

land  classification  In 356 

operations  in 231-253,346-350 

reclamation  fund  for,  receipts  of 34-35 

Y. 

Yainax,  Oreg.,  measurements  at 86 

Yakima  River,  basins  of 338 

diversion  from 34 1 

flow  of 337 

irrigated  lands  on 330 

Yakima  project,  appropriation   of  water 

imder 337 

canals  under 330 

lands  under 338 

map  of Pocket. 

operations  under 337-342 

reservoirs  of 339-342 

soils  under 338 

subprojects  under 340-342 

transportation  to 339 

water  rights  under 33^-330 

Yankton  cement,  tests  of 357-359 

Yantic,  Mont.,  dam  at 184 

Yellowstone  project.    See    Lower    Yellow- 
stone project. 

Yellowstone  River,  flow  of 215 

Yonna  Valley,  irrigation  in 83 

Yrcka,  Cal.,  rainfall  at 108 

Yuba  River,  Cal.,  reservoirs  on 95 

Yuma  project,  canal  for 99-100 

cement  for,  prices  of 360 

contracts  under 40-tl 

dam  for,  construction  of,  bids  for 98-09 

dikes  for,  bids  for 100 

expenditures  on 102 

floods  under 98 

land  classification  in 356 

irrigable  land  under 97 

liabilities  on 35 

purchases  under 37, 101 

operations  imder 97-102 

rights  of  way  under 101 

silt  In 98,101 

unit  prices  under 49-60,53,56,58 

work  on,  progress  of 32 

Yuma  County  Water  Users  Association, 

progress  of 101-102 

subdivision  of  lands  under 29 
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